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0.1 OBJECTIVE

]
-
-

The objective of this project was to determine the velocity of , -

sound at altitudes or 1#, 10 and 54 feet above the ground level at dis- R

tancesd/of 0, 1500, 3000, 4500 and 6000 feet from ground zero in the STl

interval from detonation to shock wave arrival when varicus yield i"’ —

atomic weapons are detonated in the air at different altitudes. S

0.2 GENERAL PROCEDURE N

The procedure consists of measuring the travel time of acoustiec E;:Z:\:Z:‘:-

8ignals between pairs of electroacoustic transducers situated at the ) -

aforementioned locations, e

The transducers face each other with a 3-footd/distance .

between their diaphragms.. The transmitter in every case faces directly o

awey from ground zero, SRR

0.3 MAJOR RESULTS AND CONCLUSIONS "‘"““‘J

: 0.3.1 Tumbler 1 and 2 i
: No useful data were obtained on either of these tests R
w due to instrument failures. P
N 0.3.2 Tumbler 3 and 4 DK
- The most important part of the date in this report is ;:EZ\'-:;‘C%
r that expressing the velocity in the 50 milliseconds before shock wave el
arrival at the various transducer locations. Rounded off figures for E‘“‘“’(

these velocities appear in tables 0.1 and 0,3, For more complete data T

see tables C.1l through D.Z3 or figs 3.1 throogh 3.17. N

1/ Tumbler 1 distences were 0, 500, 1000, 1500 and 2000 feet., In "L‘“;“"]

Tumbler 2, distances were the same as for Tumbler 3 and 4 with one RS

: extra point 750 feet from ground zero, SR
. 2/ 1.99 Feet interdiaphragm distance for Tumbler 4. KON
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TABLE 0.1

Tumbler 3, Velocities Before Shock Wave Arrival (ft/sec)

Elev
(£t)

Tower
7-200

Tower
7-202

Tower

7-204

Tower
7-206

Tower
7-208

10
1%

1200

00t

1500

1140
1200
1300-1600"*

1130
1150
1200

1130
1130
1220

(3)
(3)
(3)

TABLE 0.2

Tumbler 3, Ground Distances of NEL Instruments from Target Ground Zero
in Feet

Tower
7-200

Tower
7202

Tower
7-204

Tower
7-206

Tower
7-208

47

1404

2002

4401

5901

(3) FNot operating
4 On and off
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SRR
TABIE 0.3 ERACAO

Tumbler 4, Velocities Before Shock Wave Arrival (ft/sec) el

Elev | Tower Tower Tower Tower Tower
(£t) | 7-200 7-202 7-20/4 7-206 7-208

55 |1300 £ 150 | 1200-1300 1120 1130 1150 o
6 8 e
10 1500 ° " (&) 1150 1150 1130 o

14 |1400 ¢ 2005 7 2400 £ 400 (&) 1260 1140

yriu e

P )

o Ny RERY
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TABLE 0.4

RSO Ee I

Tunbler 4, Ground Distances of NEL Instruments from Target Ground Zero oL
in Feet o 1

Tower Tower Tower Tower Tower ,» 3
7-200 7-202 7-204 7=-206 7-208 NN

ity et T et < i B
-~

207 1342 2839 4338 5837

On and off
Approximate figure
Very few data
Failed at detonation
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The general impressions gained Zrom study of the NEL data in
figures 3.1 through 3.17 are as follows:

1. The velocity of sound increases in an erratie manner for » '
close in points at elevations up to 54 feet soon after detonation. R T

2, Although there is wild velocity fluctuation with time, there e
appears to be a steady trend which can often be correlated with tem- P
perature changes recorded by NRDL, o

3. The variations from the temperature trend are attributed at
least partly to air movements., The NRDL temperature data contain
great variations too, but it is expected that temperature gradients
exist in the air masses blowing by,

4. As expected, the average velocity is greatest near the hot
ground and decreases with height up to 54 feet. It is also greatest
neer ground zero, but not at ground zero (see 7).

5. Velocity below ambient is recorded in the rarefaction pres-
sure phase, There are at least two possible causes for this: (a)
Temperature is below ambient, (b) The wind is blowing from receiving
transducer to transmitting transducer., Consequently, the NEL veloc-
ities are less than those that would be obtained if temperature data
were the only determinants of acoustic velocity.

6. The opposite of 5 is true during the compression phase.
Velocities recorded by NEL are higher then those that would be obtain- Bose
ed by calculations besed solely on temperature data., This is due to !w—.—,‘
the air flow at this time from transmitting transducer to recelving ','.jyi o
transducer, TR

7. Although the temperatures 1% feet above the ground are pro-
bably greater at 7-200 than at tower 7-202 a greater mteria]/.t@o—/
city (along the instrument line) at 7-202 produces a greater-récorded
velocity.

0.4 RECOMMENDATIONS

0.4.1 Plot of Shock Wave Ray Paths

The application of the Project 1.2 pressure vs time data
and the Project 8.6 acoustic velocity vs time data gives the shock R
wave velocity in the regions of refraction from the Rankine-Hugoniot e
equation, It seems possible to construct shock wave ray peths on R

scaled drawings and show thereby the probable path of the shock waves o
near the ground, » !
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a— 5
0.4.2 Correlation of Acoustic Velocity, Temperature and Wind N
Data R

Preceding the shock wave arrival, the acoustic velocity —
data should be correlated with temperature and wind data taken at the ;

. same locations, since the acoustic velocity contains both of these
pieces of information.

0.4.3 Elimination of 54 £t Elevation Measurements

The velocity information obtained from the 54~foot eleva- hge

tion transducers has not yroved to be commensurate with the required j:ZEj:I:
expenditures of materials and man power. It is recommended that veloc- e
ity meters should measure air at elevations no higher than 15 feet in =~

subsequent tests of this same type. "
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FREFACE R

I+ is recommended that section 2.3 and chapter 4 be read before "‘“'7
any interpretation of the results given in chapter 3 is attempted. s
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CHAPTER e

OBJECTIVE .

N

1.1 FURPOSE OF PROJECT 8.6
An analysis of the air blast pressures of Operation Buster in ;"L:
October 1951 indicated that magnitudes in the nigh pressure regions e

were approximately one third those predicted from the use of isoberic e
curves of height of burst versus distance when applied to atomic blast PNEN
dsta obtained since 1948, A genmeral theory was advanced by Lt. Colonel
Porzel as 2 possible cause for this. It consisted of two parts, a
thermal theory and a mechanical effects thecry. ®

The thermal theory implied that a high temperature layer of air
exiets near the ground after detonation and the subsequent sl ck wave
is thereby refracted, The mechanical effects theory postulatou the
dissipation of energy in turbulence and other air flow, and energy
absorption by the ground and the dust particles in the air. ®

On 10 Jamuary 1952 the Joint Chiefs of Staff authorized Operation
Tumbler to obtain further information on the blast effects of atomic
weapons, One phase of this was Project 8,6, the determination of acous-
tic velocities near the ground in the vicinity of an atomic explosion. o
Following this the conversion from regular acousyic velocity to shock ®
wave velocity can then be accomplished theoretically and a possible RERrer
path of the shock wave near the earth's surface constructed, Rty

A comparison of the data with temperature measurements made by RO
other Program activities will yield the component of wind velocities S
in the direction of the blast line. A further use of the data is that ®
of determining the kinetic energy contained in the turbulent air masses. AN

1.2 AUTHORITY FOR PROJECT 8,6

Authority for the participation of the U, S. Navy Electronics
Laboratory« in this project is contained in the following Secret-Re-

S
stricted Data letters: ST
From To Date Serial R
Chief, Naval Operations Chief, Bureeu of Ships 11 Jan.1952 O0011P36 O
Chief, Bureau of Ships CNO 22 Jan.1952 34ERDOO71 R
Chief, Bureau of Ships Commanding Officer and P

Director, USNEL 22 Jan,1952 348RDOC70 Y

2/ Hereafter referred to as NEL
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CHAPTER 2

BACKGROUND AND INSTRUMENT THEORY

2.1 BACKGROUND

NEL's instrument for measi_ﬁ/jng sound velocity is an adaptation
of the acoustic interferometer, The latter is generally concerned
with nigher frequencies but the principles are the same.

Figure 2.1 shows the transduce: pair used by NEL, This, with its
associated electronic equipment is the NEL velocity meter.

2,2 GENERAL INSTRUMENT THECRY

The measurement of a velocity always involves the measurement of
a travel time over a known displacement, The velocity of _ound can be
determined by seperating the diaphragms of a transmitting and receiving
electroacoustic transducer peir by a known amount and by measuring the
time that elapses as a wave travele from the transmitter's dicphragm
to the receiver's diaphragm. To simplify the discussion, a system much
simpler than that actually used will be described first,

Assume that a serles of voltage spikes is generated and fed di-
rectly to a transmitting transducer. Assume that there are 500 of
these generated per second and that their shape is like those shown in
fig 2.2. A receiving transducer whose diaphragm is 3 feet away from
that of the transmitter will receive a series of pressure spikes and
will then put out a corresponding series of voltage spikes. If the
voltage splkes entering and leaving the transducer peir were now to be
viewed on a cathode ray oscilloscope there would be an observable time
differentia) between the spikes' entrance into the tranaducer four
terminal network and their emergence therefrom.

For simplicity imagine that the air between transducers is so
cold that the velocity of sound is only 1000 feet per second. If
this were true, the time for the spike to cross the 3 ft air gap be-
tween transducer diaphragms would be 3 msecs for:

Ata-_-%_:I_BO__OO Secs Eq. (2.1)

WhereAts is acoustic time delay in seconds, d 1s distance between
transducer diaphragms in feet, v is velocity of sound in feet/second.

10/ See references 1 and 7, bib,
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If one observes this phenomenon on the scope one sees a picture f:_‘:'.
like that of fig 2.3, el

Here the primed spikes refer to those which have left the re- o
ceiver (the macoustic" spikes) and the unprimed spikes ei-e those which T
are about to enter the line to the transmitter (the "reference" spikes).
A glance at the figure shows that the acoustic spike does not occur at
3 msecs after its reference spike, but rather occurs at 3+ Atgey msecs
later, The quantityAtgy is the electromechanical time delay and is a o
result of the fact that the electrical circult contains time delay &
elements (anything that shifts phese will do it), and the transducers s
with their mechenieal circuits contain time delay elements too. How- L
ever, once Atem is known, this device becomes a velocity measuring in-
strument, For the purpose of project 8.6 it is sufficient to measure AN
Atep by measuring the temperature just before the start of the test,
This temperature bas corresponding acoustic velocity and hence acoustic ‘&
time delay over a known distance. This acoustic time delay is then sub-
tracted from the total time delay at the start of the test (the distance
AA' or BEB' in fig 2.3.), which latter is measured experimentally, and

i the result isAtemy. It is then assumed that Atem remains constant dur- .

4 ing the test, IfAt (total) is defined as the interval between a re- Wl
L. ference and its assoeiated acoustic spike (e.g., the interval AA' or ry
k- BB!, etc), then = -
;. Lt
- At (total)= A t4+Atey Eq. (2.2)

1 Delte t (total) is measured experimentally at any time when vel-
’j ocity is to be determined during the test. ”. :
- Delta t,, is already known from predetonation measurements (am-~
- bient tenperagure condition), PR
3 Therefore, Aty is now determined for any time during the test ,
( Therefore, v— d . (2.3) -
t{ ' AR i
\ and velocity is determined for any time during the test, oo

L i "
g 2.3 SPECIFIC_ INSTRUMENT THEGRYAY o=
- 2.3.1 Explanetion S
- Although the besic ideas set forth in 2.1 above are es- .
E: : 11/ This section is intended primarily for the data amalyet, It is not NN
: essential for the reader desiring only general information, as the ®
5 rreceding paragraph will suffice. On the other hand, the reader RN
¥ desiring greater detail will wish to refer to the instrumentation
o section of the appendix. SURRRN
1 19 .
— TR
‘; e
: R
i -

X ° ) ® ] ] ° e o ] e o o [ e o o
- T T s S SN L
5 W S




sentially correct, the techniques actually employed are slightly dif-
ferent and more information is required to interpret the data reelis-
timlly.

2.3.2 TInstrument Locations

The NEL transducers are situsted at elevations of 14,
10, and 54 ft above ground level with the 13 and 10 £t units attached
to one 12 £t vertical pole devoted exclusively to NEL, with the 54 ft
unit mounted on a 55 £t pole and shared by other activities, Coupling
between the transducers and the vertical poles is effected by 2-inch
steel pipes and adjustable clamps. See figures 2.1, 2.4, and 2.5.
Transmitting transducers face away from ground zero and towards their
own vertical poles in all cases,

The locations of the transducers are named 7-200, 7-202
7204, 7-206, and 7-208, The 7-200 location is the bombadier's target
area and is called instrument ground zero.l&/ The physical set-up is
depicted in figures 2.6 through 2.10, Field equipment consisting of
a modulator, demodulator and power supply is housed in & large wooden
coffin at each location (one coffin serving the transducer pairs at
three elevations). Figure 2.11 shows a view of blast line looking to-
wards ground zero. Coffin is in foreground, Figure 2.12 is a close-
up of hole with instruments on top of coffin. Wires run back under-
'g7round tc a control van which is 12,000 £t along the blast line from

=200,

2.3.3 Records

The NEL records as they come from the control van are
of two types:

1. Inked paper records with time as the abscissa and
acoustic velocity as the ordinate, the so-called Brush tapes. See
figures 2,13 through 2.15.

2., Magnetic tape records of wvoltage spikes like those
shown in figure 2,3. The magnetic tape records are not used in this
form but are played back on a magnetic head, amplified and fed to a
cathode ray oscilloscope with a blue trace tube.dd The set-up is
shown in fig 2,16, No sweep voltage is used on the oscilloscope., The
scope picture is photographed by a high speed camera. The speed of
the £ilm gives the time effect of a sweep voltage and the film picture
of the spikes is 1like that of fig 2.17. These latter data are used for
determining the records of figures 3.1 through 3.17 and tables C.l
through D.23 by the method described in section 2.2.

12/ Actual ground zero is ground point directly undsr bomb,
13/ A 5LP 11 will do.
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é 2.3.4 NEL Sound Velocity Meter

The block diagram of the sound velocity measuring system
is shown in fig 2,18, The sequence of operations of this equipment 1s
as follows:

1. At -15 min EGGL4/closes a relay which turns on the
time mark generator, phase discriminators and 500 cps generator,

2, At -5 min EGG closes a relay which turns on the PO
field unit power supplies, and the Brush paper recorders and Magne- T
corder 2-channel megnetic recorders,

> pe A aa sy

P e

3. At detonation an electromagnetic transient due to
the blast enters the lines and makes a mark of "true zero time" on
all KEL records, See fig 2,17, p

h. At detonation plus the amount of time required for
the EGG relay plus the NEL relay to clese,id a 3 Kc time pulse which
is on for 5,87 secs and off for 0,13 secs and is recorded on the
magnetic tape record, is switched so that it is now on for 0.13 secs
and off for 5.87 secs, See fig 2.17. This gives a converient way of
£inding sero time quickly on the megnetic records,

Tl
o'
oo

5. Also & time mark on the Brush paper records which
has a positive polarity for 5.87 seconds and a negative polarity for
0,13 seconds, followed by positive 5.87 secs again, then negative
0.13 secs, etc, is changed to negative polarity for 5.87 seconds and
positive for 0,13 sees, This cccurs at same time as change in 4 above, :

Tt N

[t il i !,' i

Five Hundred Cycle Per Sec Signal Generator RS o

When the equipment is once turned on the following pro-
cesgses ocour, The 500 cps signal generator sends 500 cps sire waves
down each of 5 lines to the transducer locations, The generator also
produces voltage spikes whose peaks have a one to one correspondence to
sero phases (where wave crosses axis with a positive siope) of the
aforementioned sine waves, These spikes go to the phase discriminator
where they are compared for time delay with the gzero phases of the
waves which have gone to and returned from the field.

« « e T
'@ e
e 1
.
R
LA |

vy
DRLALEN o O ES

el

Oscillator-Modulator

L l1 }"r‘*‘f’v

The 500 cpe sine waves amplitude modulate a 10 Ke
carrier and the modulated wave then enters the terminals of an electro-

vy Yy

14! Edgerton, Germeshausen and Grier e
15/ 12 msecs on Tumbler 3. See fig.2,17
6 msecs on Tumbler 4.
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acoustic transmitting transducer.1$/ This loudspeeker's diaphragm then -\_1}':::'
emits a sound wave which is received by the dii;,whmgm of another trans- . ‘}_1:::,.:-
ducer.16 The interdiaphragm distance is 3 £1.1Y/ The modulated wave sty
from the receiving transducer then travels over wires to the demodu- | .
lator. -

Demoduiator

Here the signal passes through a 9 to 11 K¢ band pass e
filter for the purpose of noise suppession. '.--_:-—:

The demodulator demodulates the signal received and sends S
back by underground wire to the control van the 500 cps voltage sine e
wave, o

Phage Discriminator | S

. The 500 c¢ps sinusoid now enters the phase discriminator,
X Here it is converted into voltage spikes by the successive processes

of amplifying, clipping, differentiating and rectifying. A glance at R
fig 2.18 shows the phase discriminator feeding information to two re- -
° corders., Consider first the megnetic recorder., The spikes just mam- ) _ﬁ,j
- factured from the sine wave returning from the field now energize one .
[ - grid of a mixer, another grid is energized by those coming from the -
.~ 500 cps generator, The mixer's output is therefore a series of "refer- o ‘
ence spikes" (from the 500 cps generator) and 2 msecs apart, and DR
following these is a series of Macoustic spikes" whose lag behind the
reference spikes is a measure of the time required for them to travel )
over the electrical, mechanical and acoustic circuit. Assuming no RRE
changes in the electrical and mechanieasl circuit elements during the K
test, the only changes in acoustic spike time position will be due €o
time delays in the acoustic air path, This is a measure of velocity AR
(see section 2,2), The two mixed series of spikes are now recorded o
directly on a megnetic tape recorder,

The dimplacement of the pen in the Brush magnetic os-

¢illograph (paper recorder) ia directly proportional to the velccity P
in the air gap., This ies accomplished by an Eccles-Jordan "flip-flop" SN
circuit followed by an integrating circuit which includes the Brush pen o
motor. One half of the "flip-flop" is energized by the reference spikes, ) B
the other half by the acoustic spikes, When a reference spike comes o
in, only one half of the Eccles-Jordan eircuit is conducting and the

other half is waiting for its acoustic spike. Vhen the latter arrives,

16/ Altce-Lansing 802-B high frequency loud speaker,

17/ TExcept on Tumbler 4 when it is 1.99 ft. N
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the second half of the circuit conducts and the first half is waiting
for a reference spike, The integrator is a memory device whose output LA
pen displacement is a function of how long each half of the circuit is
conducting, and hence a function of the acoustic time delay which is * .
in turn s function of the velocity in the air gap.

Recorders

The paper recorder used is a 6-channel unit, Three re-
corders were used. They are a special type designed and built by NEL. 0. ...
However, they do use the Brush magnetic pen motors and Brush 6 channel NS NN

recording paper, See fig 2.19, The magnetic recorders are Magne- .;l:fj:fx'i
corder binaural type magnetic tape recorders, Type PT 63-AH. They run PN
at speeds of 15"/sec. See fig 2.20, s
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Fig. 2.1 Electroacoustic Transducers of NEL Velocity Meter

[ S —

Fig. 2.2 Typical Voltage Spikes
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VOLTAGE
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Fig. 2.3 Reference ard Acoustically Delayed Spikes
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CHAPTER 3

RESULTS

The graphs of acoustic velocities in the air gaps between transducer
dilaphragms versus time after detonation are given for Tumbler 3 and 4 in
figures 3,1 through 3,17, Figures 3.10 through 3,17 represent velocities
in a period approximately 50 milliseconds before shock arrival and approx-
imately 10 milliseconds afterwards, These are considered to be the most
important NEL records as they show the acoustic velocity as "seen" by the
shock wave as it reached the various measuring points, The time resolu-
tion in these graphs is 2 milliseconds, Figures 3.1 through 3.9 are
records covering the interval from detonation to 4 seconds afterwards.
These records have & minimum time resolution of 50 milliseconds, achieved
by arbitrarily measuring velocity every 25 reference spikes, 1In the cases

where an acoustic spike was missing at one of these polnts, say at time t,

the velocity information was taken at the nearest acoustic spike not
greater than 16 milliseconds away, When no spike occurs within the 16

millisecond period, velocity is merely not plotted on the graph for time
to.

The shock wave arrival times depicted on all graphs are not actual
receptions at the NEL transducers but rather are receptions at the near-
by SRI blast gages as given in the Project 1,2 report, Air Pressure vs
Time, WI-512.

The temperature scale on the right sides of figures 3,1 through 3,17
is a temperature equivalent to the acoustic velocity measured and does
not represent the true temperature because of the effect of the wind (par-
ticle movement), If the wind velocity were zero, the temperature should
be correct.

The maximum probable error in the Tumbler 3 velocity data is epprox-
imately 6 per cent, In the Tumbler 4 data this figures is as great as
12 per cent, These maxima occur only at times of greatest temperature
and would not be as great as 2 per cent for ambient conditions, (See
gection 4.2 for details of accuracy,)

Appenfix C contains the tabulated data from which figures 3.1 through

3.9 were plotted, Appendix D contains the tabulated data from which fig-
ures 3,10 through 3,17 were plotted,
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CHAPTER 4

DISCUSSION

In this section the walidity of the resords in Chapt 3 will be

discussed.
4.1 NOISE

Let noise be defined as any type of disturbance which prevents
or hinders the reception of useful data, With this definition the
following non-mutually execlusive noise phenomena will be considered.

4.1.1 Seismic Shkock

Selsmic shock was simlated by the NEL personnel who
beat on the field equipment while it was running between tests, After
elimination of microphonic tubes, no measurable disturbence was con-
tributed by this type of shock. However, but of no consequence in the
case of the NEL records desired, the signature of the seismic wave
was left on all Brush paper records, simply because the recorders
themselves were jarred by the wave,

4.,1,2 Electromagmetic Transients

Electromagnetic transients from the detomation did ocour.
They did not hinder and, on the contrary, gave the most accurate zero
time mark on the NEL records. They are observable on all records -
paper, magnetic tape and film, (See figure 2,17, alaso figures 2,13
through 2,15).

4.1.3 Transducer Movements

The selsmic wave might flex the erm supporting the trans-
ducers causing the more distant from the pole to vibrate with a size-
able amplitude, The shift with respsct to the 500 cps wave (whose
wave length exceeds 2 £t at 200C) is negligible, Movement of the
clampe on the pipe prior to shock wave arrival is improbable,

4.1.4 Acoustic Noises in the 10 Ko Region

An acoustic noise test of the effect of a single JATO
unit at 500-foot distance, and with the receiver pointed at the JATO
which was oriented at right angles to the air path, was made by NEL
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at Naval Air Station, North Island, Calif,, on 3 March 1952. No noise
was picked up by the NEL equipment. It is very possible that high
temperature sand mey give off noises with components in the 10 Ke re-

gion too. The 13 foot transducers would suffer the most from this
e”fect.

4.1.5 ¥Wind Noise

There is no doubt that wind noise did exist., It was
noted by the NEL investigators that great shifts in the air-borne
acoustic signals cccurred during periods of gustiness when they e
working on their field equipment between tests. Other observer
have noted contributing causes for this, Schilling and his eco-workers
observed that air temperatures near the ground on ordinary days in the
month of Mey in Pennsylvania sometimes shifted as much as 109C in less
than 2 seconds. In the test area the NEL experimenters encountered
extremely gusty conditions. There is no doubt that the acoustic sig-
nal in the air path was being shifted by this wind of chenging tempera-
ture because modulation of the 500 cps signel could be readily de-
tected by clipping a pair of earphones onto the demodulator and listen-
ing, This effect vanished when the 4 terminal network of transducers
was replaced hy a 4 terminal all electrical element network of similar
phase shifting characteristics. Assuming wind velocity shifts of 20
feet/second in a matter of seconds combined with temperature varia-
tions of 109C in the same period, variations of 4% in measured vel-
ocity could be observed, and this was all due to the relatively mild
stimulus of the sunshine. This being true, it is not surprising that
the various investigating agencies, who were using equipment of 0,1
second time constant and less, observed such varied magnitudes of
velocity and temperature in the period between the atomic detonation
and its assoclated shockwave arrival. If the modulation observed is
in amplitude rather than in frequency, the cause is probably destruct-
ive interference, explained in section 4.1.6 below.

4.1.6 Reflection and Refraction Effects

The reflection and refraction being discussed are those
of the signal between the transducers, Reflection effects of the
sound beam from external objects are considered negligible for the
following reasons,

1., The 500 cps signal is being transported by the 10
Kc carrier and the wavelength of the latter is approximately 1.4
inches at 200C.

2. The conicel horn, which is an inherent part of the
transducer loudspesker element and whose mouth is one inch in diameter,

18/ See reference 6, bib,
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has an additional horn coupled to its mouth. The throat diameter of
the second horn is 1 inch to match that of the other's mouth, Its
mouth diameter is 2 inches snd its length is 3/4 inch. The use of
this latter horn on & single transducer yields a 3 db increase in
8ignal strength over that obtained when no horn is used, Its di-
rectionality pattern at 10 K¢ is 40° between half power points. Stand-
ing waves between transducers are eliminated by sloping the horn face
back from its mouth,

3. Large solid objects introduced intc the air gap do
intreduce reflections but this phenomenon is not expected before shock
wave arrival,

4, Shovelfuls of eand thrown through the gap contri-
bute no discernible effects as this was tried while working on the
equipment between tests,

Refraction, unike reflection, is a very probahle cause
of noise. Two very likely effects are described below.

1. 1If the receiver were suddenly to be engulfed in a
sphere of high temperature air,19/ the signal intensity would diminish
as the waves would be spread over a wider area and the acoustic spikes
at the control cab could become smail enough to fail to trip the "flip-
flop" circuit. TFigure 4.1 shows this phenomenon for regions of veloc-
ity of magnitude V and 2V,

2. A more serious condition would be obtained if a
"orism® of hot air were to suddenly oecur in the air gap. The result-
ing destructive interference at the receiver due to multiple path ar-
rivals could reduce the eventual accustic sgé%es to zero and not only
would the "flip-flop" eircuit fall to trip,&¥ introducing a sparious
velocity on the paper tape, but alsc there would be no way of deter-
mining velocity from the magnetic records sither,

4.1.7 Turbulence2l
The condition exlating when the heat content of the de-

gsert sand is suddenly raised above ambient and the soll must dissipate
its energy to the air abovs is strongly conducive to convection cur~

Schilling and his cc~workers predict this type of phenomenon dus
to solar radietion, ref 6, p 349, bib,

See discussion on Noise Signels on Paper Tapes, sect 4.1.8.

For more mathematicel rigor, ses ref 5., bib,
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rents.3%/ These currents , if vieible, would resemble the smoke rings
often observed emitted from the stacks of steam locomotives, The hot
geses in the center rise upward, twrn outward, bend downward, come in-
ward and go up again, The passage of masses of air of different tem-
peratures changes the accustic velocity measured in the air gap. KNEL
conducted its own noise tests along these lines and succeeded in shift-
ing the velocity by small amounts, See figures 4.2 and 4.3. The con-
ditione for the 2 tests made were as followe,

1. Two small blow torches were held about 6 inches
below the axial line of ithe transducers and about 2 feet apart, speced
symetrically about the air gap center point.

2, Suspecting the possibility of acoustic noise pick-
up by the receiver in the above test, pieces of paper were then burned
under the air gap so that the hot gasses were rising through the path,
Agein the characteristic velocity shift was in evidence.

4.1,8 Noise Signals Cm Paper Tapes

The combination of turbulence and multiple path signals
due to refraction is considered the major source of noise, The NEL
paper tape fisld recorde are excellent examples of what the noise did
to the systenm, e failure of an acoustic spike to trip the Eccles~
Jordan circuitéd/ caused the instrument to "assume" that the acoustic
spike was very slow in arriving, That is, the velocity in the air
gep vas amall, The result was that the pen went upd4/to a low veloc-
ity level, came down when the next reference spike came in, and went
beck up again if the next acoustic spike was also too small to trip
the "flip-flop". The velocity vs time records obtained through an
analysis the magnetie tapes do not exhibit these velocity decreases,
of eourse ,.5/ and are consequently much more reiiable, However, even
in the latter case there are sometimes periods of no data when the
acoustic spikes go to zero amplitude, e.g., see fig 2,17 or table C.18.

22/ TYor an analsgous laboratory situation see the discuesion of the
Benard cell, ref 3, p 219, bib.

23/ See discussion of phase discrimirator in sect 2.3.4 and in the
Appendix,

24/ In figures 2,13 through 2.15 of velocity vs time, in-
creasing velocity is downward, increasing time to the right.

25/ Since the "flip-flop" eircuit was not a part of this system,
see soct 2.3.4 for instrumentation details,
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4.2.1 Veloecity Error Due To Cool Air In Transducers

4.2 ACCURACY

At the time that Project 8.6 was conceived it was gener-
ally assumed that at any given time the temperature vs distance plot
fron the front of one transducer to the other would be relatively con-
stant, probebly showing some variations at the transducer faces. It
was felt, however, that the air within the horns whiek connect the
transducer diaphragm to the atmosphere would be generally cooler than
that outside. Consequently, the total path was made large with respect
to that within the horns to minimize the relative error. The theo-
retical maximum probeble error in velocity obtained by assuming con-
stant velocity over the whole path when 5 inches of the travel is with-
in horns where the velocity is half way ovetween ambient and that in
the air path is 12 per cent for maximum temperatures encountered in
Tumbler 4, and 6 per cent for meximm temperatures encountered in
Tumbler 3. Table 4,1 gives the thecretical probeble errors due to
this effect for the Tumbler 3 and 4 velocity magnitudes given in
chapt 3.

With the type of turbulence actually encountered, it
is probeble that the air in the horns got hotter than that indicated
in the above assumption, with a resultant decrease in the meximm
probable error.

4.2.2 Velocity Error Due To Horm Effect

Since the velocity of sound in a horn is not that of
sound in free space, an experiment was performed to determine the mag-
nitude of this effect oa the NEL transducers. Two NEL sound velocity
moters were set up in a paint oven and the temperature varied fronm
TO°F to 200°F. These temperature readings were taken from the oven's
glermozrtgr. The velocities obtained from the two meters are given in

ble Y

It will be noted that in no case was an error &s great
as 2 per cent encountered. But it seems that the oven's thermoseter
was contributing more error than the welocity meters which were gener-
2lly in better agreement with each other than the thermometer was with
either of them, Consequently, under these conditions the velocity
moters are much better than the 2 per eent figure indicated by table 4£.2.

26/ Another effect of large interdisphragm distance is inocreased
gensitivity tut lower signal/noise,
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4.2.3 Velocity Error in Reading Spike Specing

The photographic records obtained from the magnetic
tape records are analyzed in the following way. The distance Sy on
the film between a reference spike and its associated acoustic twin
vhich arrives Atg + Atey secs later is measured, Then the distance
S, between the same reference spike and the reference spike occur-
ring 0.004 secs later is measured.

Therefore, S; Aty +Atey K. (4.1)
Sa 0.004

Solving forAts

. Eq. (4.2)
é&t,._.looosz Aty secs

All the quantities on the right hand side of Eq.4.2
are known anc. so Aty 18 determined and, consequently, the velocity
is nov kmown by Eq. 2.3. The actual measurement error in determining
81/, and alsoAtey is about 0.2 per cent, negligible when compared
with the other errors encountered,

4.3 CALTBRATION
Calibration consists of two parts.

1. The determination of the electro-mechanical time delay of
the system at the start of the test. (This technique is described
in section 2.2.)

2. A determination of the ratio (pen deflection)/(velocity
change) for each channel recorded on the paper tapes.

The technique for 2 is as follows. The experimenter takes
the terperature for the transducers' location. Xnowing this, the vel-
ocity at the transducers is known, and therefore, for a given inter-
diaphvagm distance d,Aty is known. (See sect 2.2,) This velocity
corrusponds to a certain pen position, Now the system's time delay
is changed by inmserting 220 of phase shift he direction of in-
ernaging velocity, (i.e., lesser time delay)s<l The advancement of the
500 epe wave by 220 is tantamount to decreasing/ta by 2(22/360) msecs.

27/ This is accomplished by having an initial time delay introduced at
the van and greater than the time delay equivalent of 220 phase
shift, say 50°, Then this is shifted to & time delay of 28°
making the time delay less, The equivalent velocity shown on the
paper consequently increases,
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An equivalent veloclity is therefore recorded on *iie paper
and the ratio of the pen deflection in millimeters to the velocity’
change in ft/sec is defined as the calibration semsitivity,

4.4  SMALL ENERGY LOSSES DUE TO TURBULENCE AND WINDS

In section 1.1 the possibility of large energy losses due to
turbulence and other air flow was mentioned. Losses of this type
wonld appear to be due either to useless air movements or to some sort
of interference of winds with the shock wave. In the latter case the
wavefront would not be smooth, If it is true that interference had
caused holes and bumps on the shockfront at the "close-in" towers,
they had certainly been eliminated by the time the Mach stem had formed
(See Project 1.2 data on the shock waves). It would seem that the use-
less movements theory can be readily disproved by a simple caleculation

where the postuleted wind magnitude is greater than that measured in
any case,

Assume that the total air movement associated with the explosion
prior to shock arrival is contained in a disc of 4500 foot radius with
center at ground zero (tower 206 is on periphery) and 10 feet ia height
and that the velocity of all air particles in this volume is, for ex-
ample, of the order of ambient socund velocity.

Then the air particle velocity is approximately 1147 feet/second
for a 20°C initiel temperature.

The air density is essumed to be 1,105x10~>gm/em3, Therefore
the kinetic energy of the air in the disc is 1.217 (10)39 ergs. This
is equivalent to less than 0.3 KT of TNT, and for a 20 KT bomb the
pressure loss would be less than 0,6 per cent. Admittedly the calcu-
lation is crude but the small megnitude of the answer does indicate
that this is not the source of destructive energy loss being sought.

i

v 2V

Fige 4.1 Refraction Due to Hot Air Swrrounding Receiver
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Fig. 4.2 Artificial Noise Test
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CHAPTER 5 5

'''''''

CONCLUSIONS AND RECOMMENDATIONS S

5.1 TUMBLER 3 AND 4 DATA

The Tumbler 3 and 4 data given in tables C.l through D.23 and .
figures 3.1 through 3.17 represent the best efforts of NEL to furnish I
regular scoustic velocities at the predetermined times and places. N
The data of tables D,1 throughD.23 and figures 3,10 through 3.17 de-
scribe velocity eonditions approximately 50 milliseconds before shock
wave arrival, These data have & 2 millisecond time resolution and
shouls be used rather than the data in tables C.l throughC.26 or :
figuies 3.1 through 3.9 vien determining the effects of velocity ®
conditions just prior to shock wave arrival, The data of figures 3.1 S
through 3.9 have a 50 millisecond resolution. They descrive condi-
tions for 4 ssconds after detonation., A comparison of these data with
the NRDL temperature measurements=~yields quite emcouraging correla- -
tions. Alqnalitative comparison of NRDL and NEL data are given in W
table O.l. ®

In figures 3.1 through 3,17, gradual velocity change is attri-
buted to average temperature and wind, and the large amplitude fluc-

tuations are felt to be caused by turbulence and temperature gradienis
in the air.

........
.....

The Tumbler 3, Tower 204, nominal 54 foot elevation data for R
NEL ard NRDL show the beat agreement of all thees records. The NRDL .
temperature of 5°C above ambient for prﬁonk gives a total tempera- o
ture of approximately 25°C at that time ¥ This agrees very well with AP
the NEL preshock velccity data gaen in figuee 3.3. The SRI total RS
shock pressure figure of 6.5 pei! 12%hiould Mdiwtsﬁhe Treasence of a ®
post-shosk wind velocity of 300 foet per second:~ The cmpcnent of
the latter velocity along the line between the transducers is approxi-
mately 200 feet per =zcond aa tb,s angle of incidence of the shock

wave is about 42° at Tower 204, .-‘_".;;_‘::_::‘:.:_
PRI

The sum of the posi-shock acoustic velocity obtained from tem- e
perature data (1200 f+/sec) and the wind velocity rredicted from L
284 Reference 2, bib, :;{_-_:__-{ "~::

29/ Page 25, reference 2, bib, S
304 Pags 25, Reference 4, bib, IR
31/ rags 125, reference 8, bib, °
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pressure datu (200 ft/sec) yields 1400 feet per second as an expected
post-shock measured velocity, The NEL data in figure 3.7 substan-
tiate this 0.1 seconds after shock., The data taken right at shock
arrival and for 0.1 seconds afier are not considered reliable. Too
many spikes were missing in that interval and it is reasoned that a
phenonenon which can obliterate spikes can conceivably give erronecus
velocity values for the spikes which are received in that time,

There are too many data to warrant a discussion of them all in
the above manner for this report, However, it is believed that the
rest of the records are as reliable in the pre-shock arrival interwval
as these, at least during the times when there are plenty of informa-
tion spikes being recorded, In the post-shock arriwal period, all
NEL data are subject to suspicion as in all cases the compliance of
the transiucer diaphragms is changed roughly in inverse proportion to
the distance from the blast, A measure of the distortion introduced
by this has not been made, However, NEL was not expected to furnish
data after shock wave arrival anyway, and the above is only cited to
prevent a possible misinterpretation of the post-shock interval data.

5.2 TUMBLER 1 AND 2 DATA

No Tumbler 1 data were obtained because of equipment failure,
Excessive nolse present in the Tumbler 2 test prevented any useful
information from being obtained at that time,

5.3 UIPMENT IMPROVEMENT
5.3.1 Concrete Rooms

It is suggested that the field electronic equipment be
housed in concrete underground rooms in future tests, The rooms
should be large enough so that a man can get inside and work readily.
This would tend to keep sand out of the equipment, It is believed
that the failure to obtain data at Tower 208 in Tumbler 3 was due to
sand in s relay,

5.3.2 Immediate Data at Test Site

NEL hopes to improve its syatem of recording velocity
directly on a paper tape in the field., If tke noise problems in the
aforementioned can bs resolved, data of 0,1 second tims resolution
vill be available immediately after each test,
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TABLE 5.1

Correlation of NEL Veloecity Data and NRDL Temperature Data

Tumbler|Tower |Elev |Correlation|No Correlation Remarks
Nunber |Number| (Ft)
3 200 54 x Good agreement
10 x Good agreement
13 KRDL unit failed be-
fore 0.4 seecs
3 202 54 x Fair agreament
10 x Fair agreemont
13 x Fair agreement
3 20, | 54 x Very good agreement
10 x Poor amplitude agree-
mont
13 x Good agreement
3 206 | 54 x Good agreement
10 x Good agreoment
13 x Poor agreement
3 208 54 NEL units at tower 208
failed to turm on
10
13
4 200 54 No RRDL records given
for tower 200
10
| ad

AEL instrument levels 1, 10, 54 feet

NRDL " " 1, 10, 50 fest
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TABLE 5.1 (Cont.)

Correlation of NEL Velocity Data and NRDL Temperature Date

Twnbler|Tower |Elev |Correlation|No Correlation Remarks
Kumber | Mumber| (Ft)
4 202 54 x Poor agreement
10 NEL unit failed
13 NRDL unit failed at
1000 Cotut NEL record-
ed 2000°C
A 204 54 x Fair agreement
10 No NRDL preshock
valuss given
13 FEL unit failed
4 206 | 54 x Magnitudes different at
shock arrival but other-
vise sisilar
10 x Good agreement
13 Fo NRDL preshock wvalues
given
& 206 54 No NRDL preshock values
given
10 x Good agreement
13 x Fair agreement tut mag-
nitudes quite different
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APFENDIX A

DETAILS OF INSTRUMENTATION
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A1 STATEMENT

The following descriptions of instruments were written by the
engineers who made the first mock-ups. Instrument commonents are
1listed in Appendix & of the NEL Preliminery Report "Sound Velocity
Changes Near the Ground in the Vieinity of an Atomiec Explosion”.

A.2 FIVE-HUNDRED CYCLE PER SECOND SIGRAL GENERATOR
by J. R. O'Neill

Refer to figures A.1 apd A.2 for block diagram and schematic.

This unit furnishes five separste channels of 500 cps sine wave
and one output of 500 cps pulses.

The 500 cps signal is generated within the unit. Seperate power
amplifiers present the signal to their respective 600 obm balanced
lines., The 500 cps signal also drives a pulse generator which provides
the reference pulse for the phzse discriminators, A circuit is in-
cluded for introducing a momentary incremental phase shift into the
system, The unit requires 200 volts DC at 60 ma and 6.3 volts AC at
3.6 amperes.

A Wein bridge oscillator generates the 500 cps voltage. Twe
halves of a 12AT7 tube (V101l) are used for the amplifier portion of
the oscillator. The frequency is controlled by R1C3 amd R1C5, R148
automatically regulates the amplitude of the generated wecitage.

Five separate power amplifiers feed the 500 cps sine wave to the
600 ohm belanced line. Triode power amplifiers (V102, V103, 1/2 V104)
couple through transformers to the lines. Signal levels on each lire
may be adjusted by the gain control on the corresponding amplifier
(R112, R11é, R1Z0, R124, RI28), A meter (MLOLl) is included for read-
ing line aignel levels,

The pulse gepsrator input is taksn directly from the 500 cps os-
cillator outpat., One-helf of V104 amplifies the signal and feeds it to
the limiter Vi05. The signal is differentiated and coupled to ths
pulse lins of V106, Iaput to the pulse generator is regulated by R132.

A phase shift may be introduced in the signal entering the pulse
gensrater by operating either S101 or a remote switch, When S101 is
closed, the phase cheange remains for as leng as the switch is de-
pressed, When the field circuit is used, a timing circuit closes the
phase shift network composed of R131, R132, R145, C116 and €110, there-
by changing the phase of the signal passing through.
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OS50 ATOR-MODULATOR-AMPLIFIER UNIT
by Donald E, Holcomb, Jr.

\nr

Refer to figures A.3 and A.4 for block diagram and schematic.

The unit provides 3 separste outputs of 10 Ke carrier modulated
by a 500 cps sine wave. A local oscillator furnishes a 10 Ke carrier
to & balanced modulator. The carrier is modulated by a 500 cps signal
from an external 600 ohm balanced source. The signal from the modulator
is used to drive 3 separate power amplifiers of 8 watts maximm sine
“ave powsr output each. Outputs are 16 ohm balanced.

A rower supply for the unit must furnish 6.3 volts AC or DS at
3.6 amps, 180 volts DC at 7 ma, and 250 volts DC at 230 ma.

The 10 Xe local osciilator is composed of a 2 tube 12AT7 cathode
coupled ampiifier with a temperature compensated tuned circuit in the
positive feedback loop., Frequency adjustment over a limited range is
aff~rded by a variable capacitor C203.

The phuse inverter is of the single tube type. Using one half
oF & 12477 tube, it furnishes two signals at the carrier frequency
wivh & 180 degree phase difference., Output is regulated by R210, the
carrier adjust control.

& pushepull balanced modulator follows the phase inverter. The
carrier signel is applied to the two grids of the 12AT7 modulator
Hubes, while the 500 cps modulating signal is coupled in through the
satvhode eircuit, The modulating voltage is cancelled in the plate
sirenit, end only the carrier and side band frequencies appear in the
outyiat, R219 may be used to effect good balance in the circuit.

"he 500 cps voltage comes from an external 600 ohm balanced
racee Biorough the transformer T201, and thence through a selective
< eewt. fu the grid of the cathode follower input tube V2024, which
dvswr bhe cathode of the modulator tube, Per cent modulation is set
o i woudation voltage adjustment, R205,

“Le 10 Ke modulated signal appears at the grids of three sepa-
© dwau-pull amplifier stages using 64AQ5 tubes. Each tube pair is
Capha oo uia 16 ohm balanced load through an output transformer.
~iwcs Loor cutput for 100 per cent modulation is 3 watts, of which
Y unoige . contained in the carrier and one watt is in the side bands,
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A 4 DEMODULATCR UNIT
by George O. Pickens

Refer to figures A.5 and A.6 for block diagram and schematic,

The demodulator had the primary function of detecting the 500 cps
8ignal which had travelied across the alr gap in the form of a modula-
%ting wave on a 10 Ke¢ carrier.

The low level amplitude modulated carrier was conducted from the
receiving transducer along a twisted and shielded peir which was bal-
ancad by the primary winding of the input transformer. This trans-
former, which was designed to favor frequencies in the vicinity of the
carrier, matched the source impedance to the band-pass filter. This
filter passed the carrier and side bends but presented 40 to 60 db
loss to most of the noise frequencies. So effectively did it perform
that there was never evidence of interference from airborne acoustic
noise,

After filtering, the modulated carrier was amplified by a vari-
able gain tube (V301§. It was then demodulated and f£iltered by the
diode (V3024) and the following network.

The detected 500 cps signal was amplified by the twin-triode
V303 and matched to the transmission line by the output transformer.
The other end of the transmission line was terminated and balanced to
ground at the phase discriminator,

An AVC voltage was derived from diode V302B and associated net-
work which sampled the output signal and controlled the gain of the
firgt stage, Potentiometer R315, the only field adjustment, was used
to set the output signal level.

The plate supply was well filtered by a choke-condenser combina-
tion to sufficiently isolate the demodulator chammels from the electri-
cal noise the modulator caused in the common battery supply.

Further decoupling was achieved for the first stage in each of
the three demodulator channels by R303, C320B and C303.

A centertap for the heater supply was made by dividing resistors
R301 and R302, a satisfactory arrangement where it was desired to per-
mit high gain operation with either a DC or a balanced AC supply.

The purpose of the AVC was to give some degree of regulation to
the level of the cutput signal in the presence of a long-time drift of
input carrier level and/or percentage modulation. The AVC, however,
was too slow to smooth out the short-time amplitude changes caused by

certain velocity variations in the air path.
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A.5 PHASE DISCRIMINATOR
by James R, Chiles, Jr.

Refer to figures A.7 and A.8 for block diagram and schematic. s

K J—
The phase discriminator bas three important functions: Lo
(1) To convert the phase modulated signal to spike form;
(2) To combine the signal :spike and rererence spike for record- - "
ing on magnetic tape, and ..

(3) To generate a variable width square wave to drive a Brush g -: :':'.j:;_
pen paper recorder, .::._‘::::‘

The phase modulated 500 eps signal is brought to the recording <
van by a balanced 500 ohm line, The primary of the input transformer i
T401 is balanced in reference to ground. Its center-tap is returned
to ground through a 100 ohm limiting resistor insertad to protect the
transformer primery from blast induced longitudinsl line currents.

The secondary feeds into & low pass RC filter designed to elimin- Do
ate all frequencies above 500 cps. A 180° phase shifter couples the L2
8ignal to the grid of the limiter amplifier V40la., The 500 cps signal
- is further limited and the square wave at the plate of V40lb is put
- through tk. differentiating circuit C408 and R412 (fig A.8 ). The
) sharp pulse produced in the differentiating network is amplified by
}] V402a to epproximately 200 volte peak amplitude, A cathode follower
!

furnishes a low impedance output while preserving the pulse waveform, °

A cathode follower, V407b, is provided to prevent loading of the
reference pulse master-generator,

The signal pulse and reference pulse feed the magnetic tape re- ::j S
corder mixer-amplifier and the Brush peper recorder driver simultaneously. o

The signal and reference pulses are combined across the common
cathode resistor of V406a and V406b., The ecathode follower, V407a,
drives the magnetic tape recording head through impedance matching
transformer, T402. A rectifier, 1 N34, is connected across the primery o
of T402 to dampen the transients. [

R436 insures that the recording head is supplied from a constant
current source, Timing signals (3Kc sine wave) may be recorded simul-
taneously with pulses ihrough the isolation resistor R433.

The signal and reference pulses are applied to opposite grids of o_ L
the Eceles-Jordan network of V403a and V403b, The phase difference RE

ﬁj between pulses determines the conducting and nonconducting periods of .
K .
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the "flip-flop" tubes. The square wave at the plate of V403b is fed
through the clamper tube and detector V404 to the pen driver tube,
V405,

A.6 REIAY CONTROL SYSTEM
by William D, Campbell

A.,6,1 General Description

hefer to wiring schematic, figure A.9,

The NEL control is started by the EGG relays which close
in turn at ~15 min,, -5 min., and at -5 sec, The NEL system is com-
posed of one 110 volt AC, 6 min, timing motor with a SPDT switch, one
110 volt AC, 1 min. timing motor with a SPDT switch, two 110 volt AC
DPDT relays and one 110 volt AC 3PDT relay.

When the -15 min, EGG relay closes, it completes the AC
circuit for the time mark generator, phase discriminators, and the 500
cps generator,

When the -5 min, EGG relay closes, it completes the AC
circuit for the field unit power supplies, tape recorders, and paper
recorders, and starts the 6 min, timing motor, The =15 min, EGG relay
is wired in parallel with part of the ~5 min, relay so that if the -15
min., EGG relay does not throw, the -5 min, relay will turn on all NEL
equipment,

A,6.,2 Normal Operation

When the -5 sec, EGG relay closes, it closes the 3FDT
relay which now parallels both EGG relays so that if any EGG relay
opens it makes no difference., Also the -5 sec, EGG relay closes a DPDT
relay and starts a 1 min, timing motor., The DPDT relay bresks the cir-
cuit fer the 6 min, motor, which has been running for 5 mimutes, and
the 1 min, timing motor at the end of a mirute restarts the 6 min, motor
which has reset itself so that it will now run for 6 mimutes, At the
end of the 6 minute interval all equipment is then turned off,

A.6.,3 Possible Operation

If at the end of the 6 mimites from the -5 min, EGG relay,
the -5 sec, EGG relay has not thrown, the 6 min., motor actuates a DFPDT
relay which shuts the recorders off, and holds itself open until the
~5 sec, BGG relay closes, It also breaks the 6 min. motor circuit so

that the motor resets itself, Now all conditions of normal operation
described above apply with the one exception that the & min, motor 18

shut off at the time the -5 sec, relay closes,
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A7 TIME MARK GENERATOR
by James R, Chiles, Jr,

Refer to figures A,10 and A,11 for block diagram and schematic, .!__.

The Time Mark Generator furnishes very accurate time intervals
which are recorded simultaneously on magnetic tape and paper record-
ers, A side marking relay controlled pen is used on the Brush record-
ers while a 3 Kc tone is injected in parallel with the signal to the
magnetic tape recording head so as to superimpose timing information )
upon the test information, .

In the "timer unit” the intervals are marked by pulses gener-
ated by a synchronous motor (Haydon) tripping a micro-switch, The
motor operates on a frequency of 60 cps which is controlled by the e
tuning fork of an American Time Products Frequency Standard Type 2001, - -
The frequency, and hence the motor speed, is accurate to at least i
0,14, A 6AQ5 push-pull power amplifier furnishes the power needed
for the frequency standurd to drive the synchronous motor,

An RC oscillator generates a 3 Kc signal which is amplified and
distributed to three power amplifiers, each of which supplies 3 Kc to
5 separate magnetic recorders,

Jlet SR
e 1 N s M

Normally, the side msrking pens are energized and 3 K¢ is sup-
plied contimuously to the magnetic tape recorders with periodic interw
ruptions accomplished, by causing a multi-pole relay to de-energize
the side-marking pens and to "short out" the drive voltage to the 6C4 o
amplifier grid immediateiy following the 3 K¢ oseillator, o

Upon receipt of "Blue~box" informetion, a reversing relay is el
energized which, in turn, inverts the action of the "interval® relay ST
so that tle side-marking »ens are normally de-energized and no 3 Ke

energy is allowed to reach tche tape recorders except when "gated" by A
the interval pulse generator, L 2

Al i/~ Lol S 2ohs I, Dot i L oo

The reversing relay can be reset to pre-shot conditions by a
panel-mounted micro-switch,

3 4 mist be remembered that the pulses generated by the interval o _ \
marker generator are not synchronized with or controlled by any ex~ 0 ’
3 ternal time standard. They merely mark accurate intervals, e

3 External signals supply time information so as to synchronize
NEL records with the Test Program time.
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B.1  STATEMENT

The following is for the readers who are interested in the
reasons for the 10 K¢ sound carrier and in a post test evaluastion.

B.2 EARLY PHILOSOPHY

It was of prime importance to minimize the effect of the very
high level acoustic noise which accompanies one of these tests, The
logical way was to strive for & high signal-to-noise ratio by (1)
operating in & frequency bend where the noise was less intense, (2)
transmitting a strong signel, (3) directing this signal towards the
receiving transducer, and (43 f1ltering out all tut the desired band.

A frequency in the higher end of the audio range was compstible

with all four points., There the noise was expected to be less intense.

Also the signal could be focused towerds the receiver without re-
quiring large horn dimensions. The final choice of 10 Ke, other than
its being a "round-number®, was influenced by the transmission char-
acteristics of the available transducers.

v was also important to hold to & minimum changes in phase
shift in the electrical and mechanical perts of the system since they
would be detected erroneously as changes in velocity. If a single
audio note were used in the sound path objectionable phase shifts
might have occurred in the receiving transducer and the following
filter, This would be the case where the note received a frequency
modulation from a changing velocity during its transit period in the
air path, The game would be true for & carrier, but the angular
phase shifts ol the modulating wave would be only & fraction of the
carrier by approximately the ratio of the modulating frequency teo the
carrier frequency. Actually, with or without the carrier the signal
would also undergo relatively slight shifts in phese in the R-C net-
works elsewhere in the electricsl circuits,

B.3 ACCUSTIC NOISE

The system seemed to be oblivious to all the acoustic noise
generators at the test sight. Jatos, rockets, and mortars to mention
a few went off undetected. Probably the noise accompanying and fol-
lowing the shock wave had no more than a destructive effect on the
transducer diaphragms, Other disturbances, however, made this dif-
ficult to ascertain,
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B.4 DESTRUCTIVE INTERFERENCE

Undoubtedly the greatest source of trouble stemmed from the phe- S
nomenon which was responsible for the "noisey" pen records and the e
migsing spikes on the magnetic tapes. The following are the arguments L
from several observations which seem to be pertinent, RARCE

It was found late in the design stage that a 10 Ke carrier under- s
went a 20 per ecent amplitude modulation when transmitted over a 3-foot e
air path heated by a hot-plate. Such modulation was imperceptible -
when the frequency was lowered to 1 Kec. L

In the field the 500 cps signal output of the demodulator had a

tremolo, This tone had been conveyed in the air spece by the carrier. :§-~fif
The tremolo did not exist when the air link was replaced by an elec- -

trical attemuator. ..

During the extreme condivions of turbulence accompanying the
shots the sound signel apparently faded out at times as was evidenced
by the absence of the indicating spikes. It was not hard to believe
that a tremolo, occcurring when warm air pockets were moved by a light e
breeze, conld grow under test conditions until a large random modula- K2
tion cecasionally cut off the carrier. e

L
g s 1y v CoUmCirat g

LAk RN & Salak

It was reasoned that an airborne scund of a longer wave length
would have less tendency to cancel and reinforce itself while ar-
riving along multiple paths with different delay times. So, on the B
final test an experimental channel was run, solely for the purpose of K ]
gaining more information about this effect, RS

LAl J0p AWER SE L

The airpath frequency wae & single tone (not modulated) of six e
times the wave length of the standard 10 Kc carrier. It was this L
frequency which conveysd the phase shifts to the detecting equipment. I
Under the same field condition where 5 standard channel produced & ™
tremolo in the 500 cps tone, the tone from the experimental unit AT
sounded clear and steady. The pen record made during this shot showed -
evidencs that the signal never faded out. Although some acoustical
noise apperently was picked up, the trace was without all the hash
comon to the other records. (By this time a low-pass pi-section filt- :
er hsd besn added to each of the 15 standard channels to prevent the °
pens frgm being flipped from the sockets during periods of missing o
spikes,

B ML L 7 i oo i ee eone i i)

A1l of these observations seemed to substantiate, at least not
refute, the theory that destructive interference was responsible for
the hash on the pen records. Fortunately, records were also made on °
magnetic tape. While extracting their information was quite laborious,
an occasional missing spike did no more than lose a bit of information
from an over-abundant supply.
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F APPENDIX G

:

3 TUMBLER 3 AND 4 TABLES OF
- ACOUSTIC VELOCITY VS TIME

FOR INTERVALS FROM DETONATION
TO 4 SECONDS (OR MORE) AFTERWARDS

T XY ¥ T




TABIE G.1

Velocity vs Time Tumbler 3 Tower 200 Elevation 54 Ft
Total Thermel Radiation 56 Cal/Cm? (from Projeect 8.3 Data)

v vy
.
« v

Tise Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Secs) (Ft/Sec)| (Sees) (Ft/See)
=0.20 1119 1,10 1172 2.50 1154
=0.15 1119 1.15 1172 2.55 1163
-0.10 1119 1.20 1163 2.60 1145
-0.05 1119 1.25 1230 2.65 1136
0.00 no spike 1.30 1163 2.70 1145
0.002 1351 1.35 1190 2.75 1136
0.05 1154 1.40 1190 2.80 1136
g 0.10 111 1.45 1172 2.85 1132
¢ 0.15 1119 1.496 13111 2.90 1132
: 0.20 1119 | 1.50 no spike 2.95 1119
: 0.25 1172 | 1.55 1136 | 3,00 1136
L 0.30 111 1.60 1181 3.05 1128
¢ 0.35 1136 | 1.65 1210 | 3.10 1128
- 0.40 1163 |*1.70 no spike 3.15 1128
- 0.45 113 | 1.702 1172 | 3.20 1128
2 0.50 1271 | 1.706 1705 | 3.25 1119
3 0.55 136 | 175 1351 | 3.30 1128
5 C.594 1111 1.80 1136 3.35 1128
LU 0.60 no spike 1.85 1376 | 3.40 1128
0.65 n 1.90 1190 | 3.45 1128
3 0.656 1250 | 1.95 1190 | 3.50 1119
- 0.70 1181 2,00 1240 3.55 1128
0.748 1034 | 2.05 1190, | 3.60 1128
o 0.75 1154 2.10 1172 3.65 1128
G 0.80 no spike 2.15 1181 | 3.70 1132
g 0.85 1181 | 2.20 1293 | 3.75 1128
3 0.90 1210 | 2.25 1181 | 3.80 1128
- 0.9 1154 2.30 1136 3.85 1128
. 1.00 1190 2.35 1163 3.90 1132
. 1.05 1163 2.40 1154 3.95 1128
@ 2.45 1154 | 4.00 1128
* Shockwave arrival 1,671 (measurement by Project 1.2)
a8
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TABIE C, 2 RSN
Velocity vs Time Tumbler 3 Tower 200 Elevation 10 Ft e
Total Thermal Radiation 56 Cal/Cm? (from Project 8.3 Data) I
Time Vel Time Vel Time Vel .
(secs) (Pt/Sec)| (Seca) (Ft/See) | (Secs) (Ft/Sec) R
L. .4
-0,50 iiis | 0.95 1714 2.40 1395
~0,45 1124 | 1.00 no spike 2.45 1463
=0.40 1124 | 1.002 1333 2.50 1523
-0,35 1119 | 1.05 no spike 2.55 1435 i}
-0.30 1115 | 1.054 1408 2,60 1492 P
-0.25 1111 | 1.10 1045 2.65 1478 SN
~0.20 1115 | 1.148 1704 2.70 1463 .
~0.15 1119 | 1.15 no spike 2.75 1478 C L
-0.10 1115 | 1,20 1172 2.80 1508 ,
-0.05 1115 | 1.25 no spike 2.8 1508 R
0.00 no spike 1,252 1091 2,90 1478 "o e
0.02 1176 | 1.30 1167 2.95 1449 -
; 0.05 1115 | 1.35 1234 3.00 1604
i 0.10 1124 | 1.40 1205 3.05 1449
y 0.15 1132 | 1.45 1288 3.10 1435
; 0.20 1149 | 1.50 1141 3.15 1370
* 0.25 1119 | 1.55 1260 | 3.20 1422 « @
F 0.30 1087 1.60 no spike 3.25 1382 e N
0.35 1408 | 1,606 1370 3.30 1435 Tt
0.40 1531 | 1.65 1554 | 3.35 1435 S
0.45 14,08 1.70 no spike 3.40 1395 T
g 0.50 no apike 1,75 1370 | 3.45 1395 Shu
0.502 1205 | 1.80 1276 | 3.50 1370 o o
0.55 1181 | 1.85 1195 3.55 1435 RN
: 0.60 no spike 1.90 1210 3.60 1370
# 0.602 1676 1.95 1186 3.65 1382
i 0.65 1840 | 2,00 1205 3.70 1299
0,70 2190 | 2,05 1205 3.75 no sgike
j 0.75 1364 | 2,10 1158 3.756 1449 o e
i 0.80 no spike 2.15 1288 3.80 1357 CEUCECIR
. 0.804 1079 | 2.20 1357 3.85 1523 | 00 w0 R
0.85 1408 | 2.25 1357 | 3.90 1435 -
0.90 no spike 2.30 1345 3.95 1492 o
0.916 1382 | 2,35 1-32 4. 00 1449
)
* Shockwave arrival 1,702 (measurement by Project 1.2) 2 T
| 89 e
T R
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L3 >
TABLE C.3 :

Velocity ve Time Tumbler 3 Tower 200 Elevation 13 Ft S
Total Thermal Radiation 56 Cal/Cm< (from Project 8.3 Data) st

90

’ Time Vel Time Vel Time Vel .
(Sees) (Ft/Sec) | (Secs) (Ft/Sec)| (Sees) (Ft/Sec) y
o .
-0.50 1115 0.90 no spike 2.25 1463 -
~0.45 1107 0.91 1695 2.30 1523
-0.40 1107 0.95 no spike 2.35 1523
-0,35 1115 0.96 1449 2.40 1523 i
-0.30 1132 1.00 1571 2.45 1554 ;
=0.25 1124 1.05 1571 2.50 1508 .
-0,20 1141 1,10 1587 | 2.55 1523 "
-0,15 1124 1,15 no spiks 2,60 1422
-~0.10 1124 1.154 1523 2.65 1492
-0.05 1132 1.20 1587 2.70 1435 .
0.00 no spike 1.25 143 | 2.75 1449 -
0.002 1068 | 1.30 1310 | 2.€0 1435 ’
0.05 1107 1.35 1435 2.85 1422
0.10 1124 1.40 1435 2.90 1422
0.15 1115 1.45 1422 2.95 1422
0.20 1158 1.50 1478 3 00 1408
0,25 no spike 1.55 1408 3.05 1435
0.252 1141 1.60 no spike 3.10 1408 )
0.30 1091 1.602 1395 3.15 1422 N
0.35 1167 1.648 1508 | 3.20 1435 T
0.40 1224 1.65 no spike 3.25 1395 oS
0.45 no spike o270 1463 | 3.30 1449 S
0.456 1435 1.75 49 | 3.35 1435 2
3 0.50 no spike 1.798 2158 3.40 1408 !\
2 0.508 1234 1.80 no spike 3.45 1395
4 0.55 1538 1.85 1523 | 3.50 1288
3 0.60 no spike 1.90 1587 | 3.55 1288
i 0.606 1370 1,948 1449 3.60 1310 )
" 0.65 1382 1.95 no spike 3.65 1345 -
— 0.70 1042 2.00 1587 | 3.70 1357 J
4 0.75 1276 2.05 1523 3.75 1345
a 0.80 no spike 2.10 1508 | 3.80 1370
" 0.808 1604 2,15 1357 3.85 1357
- 0.85 1266 2.20 163 | 3.90 1422
' 3.95 1408
1 4,00 1408 )
gj * Shockwave arrivel 1,708 (measurement by Project 1.2)
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TABLE C.4

Velocity vs Time Tumbler 3 Tower 202 Elevation 54 Ft
Total Thermel Radiation 50 Cal/

(from Project 8,3 Data)

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/Sec) | {Sees) (Ft/Sec)
=0.50 1128 6.95 1181 2.40 1200
-0.45 1119 1,00 1128 2.45 1181
~0.40 1119 1.05 1181 2.50 1181
-0.35 1128 1.10 1163 2,55 1163
=0.30 1128 1.15 1181 2.60 1163
~0.25 1119 1.20 1163 2,65 1163
-0.20 1119 1.25 1181 2.70 1154
-0.15 1103 | 1.30 1181 | 2.75 1154
-0.10 1128 1.35 1145 2.80 1136
-0.05 1119 1.40 1145 2.85 1145

0.00 no spike 1.45 1119 2.90 1128

0.05 1103 1.50 1145 2,95 1119

0.10 1119 | 1.55 1145 | 3.00 1128

0.15 1136 1.60 1145 3.05 1111

0.20 1136 1.65 1136 3.10 1103

0.25 1136 1.70 1128 3.15 1103

0.30 1163 1.75 1145 3.20 1111

0.35 no spike 1.80 1136 | 3.25 1119

0.40 1095 |,1.85 1136 3.30 1128

0.45 1128 1.9¢C 1271 3.35 111

0.50 1128 1,95 no spike 3.40 1103

0.55 1163 2.00 w 3.45 1103

0.60 1220 2.05 1145 3.50 1111

0.65 1210 2.10 1181 3.55 111
0.70 1220 2.15 1172 3.60 1103

0.75 1210 2.20 1271 3.65 1095

0.80 1181 2.25 1240 3.70 1128

0.85 1181 2.30 1220 3.75 1119

0.90 1163 2.35 1210

* Shockwave arrival 1,893 (measurement by Project 1.2)
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TABLE C.5
*;‘_ Velocity vs Time Tumbler 3 Tower 202 Elevation 10 Ft SICURES,
€ Total Thermal Radiation 50 Cal/Cm? (from Project 8.3 Data) . e
i | .
Time Vel Time Vel Time Vel :
(Sees) (Ft/Sec)| (Secs) (Ft/Sec) | (Sees) (Ft/Sec) o
- >.._@
~0.40 1128 | 1.058 1136 | 2.45 1327 e
-0.35 1111 | 1.10 1154 | 2.50 1172 el
-0.30 111 | 1.15 1200 | 2.55 1271
-0.25 1119 | 1.20 1163 | 2.60 1200 e
-0,20 111 | 1.25 1200 | 2.65 1163 Bl
-0.15 1103 | 1.3¢ 1230 | 2.70 1220 > e
~0.10 1128 | 1.35 1163 | 2.75 1200 .
-0,05 1128 | 1.40 1119 | 2.80 1154 -
0.00 1119 | 1.45 1190 | 2.85 1364 T
0.05 1095 | 1.50 1230 | 2.90 1260
" 4 0.10 1095 | 1.55 1200 | 2.95 1220 R
E 0.15 1103 | 1.60 1200 | 3.00 1230 > e
0.20 1103 1.64 1136 3.05 no spike RN
e 0.25 1136 | 1.65 no spike 3.056 1250
N 0.30 no spike 1.70 1145 3.10 1293
* 0,31 1095 | 1.75 1190 | 3,15 1240 O
}’; 0.35 1103 | 1.80 1230 | 3.20 1230 R
0.40 1103 | 1.85 1230 | 3.25 1220 ) ..
4 0.45 1119 [,1.90 1181 | 3.30 1190
: 0.50 1181 [71.95 1181 | 3.35 1230 S
/ 0.55 1128 | 2.00 1163 | 3.40 1190 R
3 0.60 1154 | 2.05 1240 | 3.45 1172
® 0.65 1163 | 2.10 1230 | 3.50 1220 I
;, 0.70 1128 | 2.15 1200 | 3.55 1210 N )
- 0.5 1145 | 2.20 1260 | 3.60 1190 g
. 0.80 1145 2.25 no spike 3.65 1230 :
3 0.85 1190 | 2.258 1220 | 3.70 1210 ;
i 0.90 1200 | 2.30 1282 | 3.75 1190 : Y
" o 0.95 111 2.35 no spike 3.80 1250 SR
- 1,00 1079 | 2.36 1339 | 3.85 1304 N
1.05 no spike 2.40 2113 3.90 1200 ) o
3 3.95 1145 Cd
. 4,00 1027 1
K. hY
;. * Shockwave arrival 1,922 (measurement by Project 1.2) 3
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TABLE C.6

Velocity vs Time Tumbler 3 Tower 202 Elevation 1% Ft

Total Thermal Radiation 50 Cal/Cm? (from Project 8.3 Dat-.

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Sees) (Ft/Sec) |(Sees) (Ft/Sec)
-0.50 1128 | 1.05 1470 | 2.45 no spike
=0.45 1128 | 1.098 1613 | 2.484 1049
=0.40 1119 | 1.10 no spike 2.50 no spike
-0,35 m9 | 1.148 1250 |2.55 n
0,30 1119 | 1.15 no epike 2,60 »
~0.25 1119 | 1.194 1316 (2.6 1744
~0.20 2128 | 1.20 no spike 2.65 no apike
-0.15 1128 | 1.25 1293 | 2.688 1948
-0.10 1128 | 1.30 1376 | 2.70 no spike
-0,05 119 | 1.35 1293 | 2,726 1899
0.00 1562 | 1.40 1327 | 2.75 no spike
0.05 1765 | 1.45 1364 | 2.80 1875
0.10 1724 | 1.50 no spike 2.85 no spike
0.15 no spike 1.514 1364 (2.90 " "

0.152 1562 1.548 1829 2.914 1852
0.20 1562 | 1.55 no spike 2.95 1829
0.25 1667 1,60 1415 2,998 1071
0.30 1786 | 1.65 1428 |3.00 no spike

0.35 1704 | 1.70 1485 | 3.054 1899
0.40 1685 | 1.75 1200 |3.10 1724
0.45 1667 | 1.80 28 [3.146 1056
0.50 1630 | 1.85 1364 |3.15 no spike

0.55 1596 1,90 1630 3.20 1042
0.60 1579  [*1.95 1704 | 3.236 2000
0.65 1704, | 2.00 no spike 3.25 no spike

0.70 W42 | 2.05 n n 3.30 no apike

0.75 1613 (210 n " 3.326 1056
0.80 1506 | 2.15 " ° 3.35 1744
0.85 1546 22 n n 3.39 18648
0.9 1613 2,25 n 3.40 no spike

0.95 85 | 2.30 0 ¢ 3.45 " ¢

0.998 1456 | 2.35 n 3.47 1630
1,00 no spike 2,40 » n 3.50 1579

# Shockwave arrival 1,928 (measurement by Project 1.2)

 Saara: Lt o s e et SRRSO PN
.
-
.

93

NS VS . |
[ I |
Ll R s

- R

Cree e —r—

o .0
ATt
v~

¥
p ol
4

”
o
. Ayt el a’
2 ,
N .
PN Y PR R

‘l.a‘ -
1@

. .
r, PR
L L
o "ot
S vt el
_______ S
SR
-
''''' .t
-~ - .
NN e S
. o )
B .
. -
LIPEEE )
.
LRGN )
v -\
. -
- N
— Al
L -9
~
. =
. x
i
h
\
“
.
.
R :
.
—_—— . -
¥
-
.
.
1
l
o o
oWy
~
. A
.|
~ A
. -d
. N
« s el
=i
.'.“.*.'.
R <«
3
-t
-
PR
%




TABLE C.6 (Cont, )

- ‘. .
. N e
- -" - ‘- .

Velocity vs Time Tumbler 3 Towgr 202 Elevation 1% Ft RN
Total Thermal Radiation 50 Cal/Cm“ (from Project 8.3 Data) ST

Tine Vel | Time Vei | Time Vel el
(Secs) (Ft,Sec)| (Secs) (Ft/sec) | (Secs) (Ft/Sec) RS
1667 g
0 no spike RN

1667 -
1786 e
1648 ¢ e

1500

=N

*
.

<
Sl

spike

OO0
Osl\ng
Y
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spike
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.80 no spike
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TABLE C.7

Velocity vs Time Tumbler 3 Tower 204 Elevation 54 Ft
Total Thermal Radiation 34 Cal/Cm? (from Project 8.3 Data)

L

Time Vel Time Vel Time Vel SN

(Secs) (Pt/Sec) [(Sees) (Ft/see)| (Sees) (F+/5ec) s

..

-0.50 124 | 1.008 1107 |,2.50 1132 B

-0.45 1124 | 1.05 1176 | 2.55 2326 N

-0.40 1124 | 1.10 1149 | 2.60 1714, AR

-0.35 115 | 1.15 1176 | 2.648 1408 S

-0.30 1115 | 1.20 1149 | 2.65 no spike S

-0.25 112 | 1.25 no spike 2.70 1357 o

~0.20 12, | 1,266 1176 | 2.75 1370 7

-0.15 1124 | 1.30 no spike 2.80 1167 Y

-0.10 1115 | 1.308 1158 | 2.85 1276 B

) -0.05 1107 | 1.35 1167 | 2,90 1124 :
O 0.00 163 | 1.40 1167 | 2.95 1276 C ]
3 0.05 1124 | 1.45 1167 | 3.00 1176 T e

- 0.10 1115 | 1.50 1167 | 3.05 1158 =
i 0.15 115 | 1.55 1149 | 3.10 1186 -
; 0.20 1107 | 1.60 1149 | 3.15 1149 K
. 0.25 no spike 1.65 1149 3.20 1176 .
G 0.26 107 | 1.70 1141 | 3.25 1176 O
= 0.30 141|175 141 | 3.30 1149 o
0.35 149 | 1.80 141 | 3.35 1124 1
F 0.40 141 | 1.85 1132 | 3.40 1107 -:;:.tj
ol 0.45 1176 | 1.90 141 | 3.45 1099
- 0.50 1176 | 1.95 1132 | 3.50 1099 o
0 0.55 1158 | 2.00 1132 | 3.55 1091 s

s 0.60 1234 2.05 1132 3.60 1091 ®!
: 0.65 141 | 2.10 111 | 3.65 1083 Y
. 0.70 1107 | 2.15 1132 | 3.70 1083 Iy
g 0.75 1115 | 2.20 1 | 3.75 1107 NS
1 0.80 112, | 2.25 1141 | 3.80 1091 NN
Ty .85 1158 | 2.30 1132 | 3.85 1053 S
. 0.90 1234 | 2.35 1158 | 3.90 1068 S
& 0.95 1124 | 2.40 11 | 3.95 1091 i
. 1.00 no spike 2.45 1132 4,00 1149 o
.

¥ * Shockwave arrival 2.530 (measurement by Project 1.2) N
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TABLE C.8

Velocity ve Time Tumbler 3 Tower 204 Elevation 10 Ft
Total Thermal Radiation 34 Cal/Cm? (from Project 8.3 Data)

Tine Vel Time Vel Time Vel
(Secs) (Ft/sec)| (Secs) (Ft/Sec) | (Secs) (Ft/sec)
~0,50 1119 1.10 1149 2.70 1630
0.45 1111 | 1.15 1154 | 2.75 1630
~0.40 1115 1.20 1145 2.80 1648
-0.35 1119 1.25 1158 2.85 1622
-0.30 1119 1.30 1158 2.90 1630
-0.25 112, | 1.35 141 | 2.95 1622
0,20 1119 1.40 1163 3.00 1667
-0.15 115 | 1.45 1154 | 3.05 1613
-0,10 1124 1.50 114 3.10 1579
-0.05 1111 | 1.55 1149 | 3.15 no spike

0,00 no spike 1.60 1145 3.154 1119

0.05 1124 1.65 1149 3.156 1948

0.10 1115 1.70 1158 3.20 1049

0.15 1115 | 1.75 1145 | 3.25 1087

0.20 1119 | 1.80 1149 | 3.30 1079

0.25 1m9 | 1.85 1158 | 3.35 1103

0.30 1119 1.90 1149 3.40 1079

0.35 1128 | 1.95 1141 | 3.45 1056

0.40 1128 2,00 1158 3.50 1071

0.45 1119 | 2.05 145 | 3,55 1034

C.50 1163 2.10 1163 3.60 1034

0.55 1111 | 2.15 1163 | 3.65 1034

0,60 1181 2.20 1158 3.70 1064

0.65 1145 | 2.25 141 | 3.75 1049

0.70 1190 2.30 114 3.80 no spike

0.75 1136 | 2.35 1145 | 3.804 1103

0.80 1163 | 2.40 1145 | 3.85 1095

0.85 1210 | 2.45 1128 | 3.898 1145

0.90 1190 | 2.50 1154 | 3.90 no spike

0.95 1224, |,2.55 no spike 3.948 1186

1.00 111 | 2.60 1351 | 3.95 no spike

1.05 1119 2,65 1622 4,00 1034
* Shockwave arrival 2,553 (measurement by Project 1.2)
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TABLE C.9

Velocity vs Time Tumbler 3 Tower 204 Elevation 1% Ft
Total Thermal Radiation 34 Cal/Cm? (from Project 8.3 Data)

Time Vel Time Vel Time Vel
(Sece) (Ft/Sec)| (Sees) (Ft/Sec) | (Secs) (Ft/Sec)
-0.50 1132 | 1.05 1266 2.606 1176
-0.45 1124 | 1.10 1245 2.65 no spike
~0.40 1124 1.15 1224 2.652 1422
=0.35 1124 | 1.20 1322 2.70 no spike
~0.30 1124 1,25 1214 2.704 1083
-0.25 1115 1.30 1255 2.75 1115
-0,20 1124 1.35 1276 2.8C no spike
~0.15 1115 1.40 1234 | 2.802 1266
-0.10 1124 | 1.4 1266 2.85 1224
-0.05 1115 | 1.50 1266 | 2.90 no spike

0.00 no spike 1.55 1266 | 2.902 1266

0.008 1124 1,60 1288 2.95 1224

0.05 1115 1.65 1310 | 3.00 1176

0.10 1124 | 1.70 1333 3.05 1195

0,15 1115 1.75 1299 | 3.10 1186

0.20 1132 1.80 1322 3.15 1141

0.25 1132 1.85 1299 3.20 1132

0.30 1132 | 1.90 1310 | 3.25 1099
0.35 141 | 1.95 1299 3.30 1099

0.40 111 R.00 1310 | 3.35 1099
0.45 1141 | 2.05 1266 3.40 1075
0.50 1167 2.10 1255 3.45 1068
0.55 1205 2.15 1266 3.50 1075

0.60 1167 2.20 1255 3.55 1091

0.65 1288 2.25 1310 | 3.60 uo
0.70 no spike 2.30 1266 | 3.65 1195

0.702 111 2.35 1234 | 3.70 1075

0.75 1205 2.40 1224 3.75 1091
0.80 1186 2.45 1234 | 3.80 1083
0.85 1107 2,50 1205 3.85 no spike
0.90 1333 2.55 no spike 3.852 1060
0.95 1255 |,2.554 1060 | 3.90 1024
1.00 1276 2.60 no spike 3.948 1158

3.95 no spike
4.00 1124

* Shockwave arrival 2.560 (measurement by Project 1.2)
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TABLE C.10 .

Velocity vs Time Tumbler 3 Towgr 206 Elewvation 54 Ft

1_qv'~'ﬁ|:fﬁﬁ_“7~"fl," ‘x'-'l',

ki

TR

Total Thermal Radistion 27 Cal/Cm~ (from Project 8.3 Data)

Tixe Vel Time Vel Time Vel

(Secs) (Ft/Sec) | (Secs) (Ft/Sec)| (Secs) (Ft/Sec)
-0.50 1115 1.05 BRVAR 2.65 1124
-0.45 11315 1.10 124 2.70 1124
-0.40 124 1.15 1132 2.75 1124

-0.35 115 1.20 1132 2.80 1132
-0.30 1124 1.25 1132 2.85 1124
0,25 1115 1.30 14 2.90 1124
-0.20 1ms5 | 1.35 1149 | 2.95 112/
-0.15 1124 1.40 1132 3.00 1132
~0.10 1115 | 1.45 141 | 3.05 1132
-0.05 1115 1.50 1341 3.10 1124

0.00 no spike 1.55 1132 | 3.15 1124

0.002 1068 1.60 1124 3.20 1124

0.05 11315 1.65 1312/ 3.25 1124

0.1¢0 ms | 1.70 1124 | 3.30 112/

0.15 107 1,75 1132 3.35 1115

0,20 1124 1.80 1324 *3.40 1115

0.25 1107 | 1.85 1132 | 3.45 1205

0.30 1115 1.90 1124 3.498 1090

0.35 1115 1.95 1132 3.50 no spiks

0.40 1115 | 2.00 112, | 3.544 1255

0.45 1124 | 2.05 1124 | 3.55 No spike

0.50 1115 2.10 1124 3.60 1245

0.55 1132 | 2,15 1124 | 3.648 1554

0.60 1132 | 2.20 1124 | 3.65 no spike

0,65 1124 | 2.25 1132 | 3.698 1408

0.70 1132 2.30 1124 3.70 no spike

0.75 112, | 2.35 12, | 3.75 1322

0.80 1132 2,40 1132 3.80 no spike

0.85 1124 | .45 112, | 3.802 1322 re
0.90 1132 2.50 1124 3.85 1288 -
0.95 1122 | 2.55 1132 | 3.90 1322 .
1.00 1132 | 2.60 124 | 3.9 1234 e

4.00 1357 )
% Shockwave arrival 3,430 (measurement by Project 1.2) o
° ® ® e o 3 ® ° . . ®

________

...............



TARLE C.11
Veloeity vs Tims Tumbler 2 Tower 206 Elevation 10 Ft - -
Total Thermal Radiation 27 Cal/Cm? (from Project 8.3 Data) o
Time Vel Time Vel Tirze Vel
(Secs) (Pt/Sec) | (Secs) (Ft/Sec) | (Secs) (Ft/Sec) -.~
-0.50 1119 | 1.15 1119 | 2.80 1119 ’
=0.45 1119 | 1.20 1128 | 2.85 1149
-0.40 1119 | 1.25 1119 | 2.90 1141
-0.35 1124 | 1.30 1132 | 2.95 1107 -
-0.30 115 | 1.35 1119 | 3.00 1099 ®
-0.25 1119 | 1.40 1119 | 3.05 1119 -
-0.20 1119 | 1.45 1128 | 3.10 1107
-0.15 112 | 1.50 1132 | 3.15 1107
-0.10 124 | 1.55 1136 | 3.20 1124 ..
-0.05 1119 1.60 132 3.25 1149 :o
0.00 1492 | 1.65 1115 | 3.30 1124 L
0.05 1136 | 1.70 107 | 3.35 1099
0,10 109 | 1.75 1167 | 3.40 1167
0.15 1091 | 1.80 1132 |*3.45 no spike
0,20 1149 | 1.85 1099 | 3.452 1357 -
0.25 11315 1.90 1181 3.50 no spike -
0,30 1103 | 1.95 1149 | 3.504 1422 A d
0.35 1136 | 2.00 1119 | 3.55 1724
0.40 1163 2.05 1119 | 3.60 no spike
0.45 1132 | 2.10 1107 | 3.602 1493
0.50 124 | 2.15 1115 | 3.65 no spike
0.55 1095 | 2.20 1136 | 3.652 1485 '
0.60 1124 2.25 1119 3.70 1935 9
0.65 1372 | 2.30 1115 | 3.75 1422 Co
0.70 1158 2,35 1149 3.798 1214
: 0.75 1124 | 2.40 1115 3.80 no spike
. 0.80 1128 2.45 1135 3.85 n nm
g 0.85 1124 | 2.50 1136 | 3.90 n n —
I 0,90 1149 | 2.55 1115 | 3.902 1136 ]
ﬁ 0.95 1149 | 2.60 1115 | 3.95 1299 -
- 1,00 1119 | 2.65 1345 | 4.00 1210
2 1.05 1119 | 2.70 1128
- 1,10 1145 | 2.75 1119
X -
3 % Shockwave arrival 3.450 (measurement by Project 1.2) L
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TABLE C.12

Velocity vs Time Tumbler 3 Tower 205 Elevation 1# Ft

Total Thermsl Rediation 27 Cal/Cm? (from Project 8.3 Data)

Time | Vel Time Vel Time Vel
(Secs) (Ft/Sec)| (Secs) (Ft/Sec) | (Secs) (Ft/sec)
~0, 50 1132 1.05 1195 2.65 1195
=0.45 112/ 1.10 1205 2.70 1195
=0.40 1124 1.15 1176 2.75 1195
-0,35 1132 1.20 1186 2.80 1186
-0.30 1124 1.25 1176 2.85 1195
-0.25 1115 1.30 1176 2.90 1186
=0,20 1124 1.35 1186 2.95 1186
-0.15 1124 1.40 1176 3.00 1195
-0.10 1132 1.45 1167 3.05 1205
-0.05 1124 1.50 1176 3.10 1205

0.00 no spike 1.55 1186 | 3.15 1205

0.004 1045 1.60 1186 3.20 1214

0.05 112, | 1.65 1167 | 3.25 1234

0.10 1124 1.70 1167 3.30 1205

0.15 1124 1.75 1176 3.35 1205

0.20 1132 1.80 1158 3.40 122/,

0.25 1132 1.85 176 3.446 1508

0.30 132 | 1,90 176 |,3.45 no spike

0.35 1132 1.95 1176 3.494 1554

0.4C 1132 | 2.00 1176 | 3.50 no spike

0.45 1149 | 2.05 1186 | 3.544 1266

0.50 1145 2.10 1176 3.55 no spike

0.55 1141 2.15 1167 3.60 1796

0.60 1158 | 2.20 1176 | 3.65 no spike

0.65 1176 | 2.25 1176 | 3.654 1395

0.70 1205 2.30 1195 3.70 1186

0.75 1158 | 2.35 1195 | 3.75 no spike

0,80 1141 | 2.40 1205 | 3.754 1538

0.85 1158 | 2.45 1186 | 3.80 1408

0.90 1224 2.50 1186 3.85 1224

0.95 1158 | 2.55 1195 | 3.90 1234

1.00 1214 2.60 1195 3.95 1310

4.00 1195

* Shockwave arrival 3.455 (measurement by Project 1.2)
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TABLE C,13

, e

Velocity vs Time Tumbler 4 Tower 200 Elevation 54 Ft*

Total Thermal Radiation Figure Not Given in Project 8.3 Data

Vel
(®t/Sec)
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TABIE C.14
Velocity vs Time Tumbler 4 Tower 200 Elevation 10 Ft
Total Thermal Radiation Figure Not Given In Project 8.3 Data

Time Vel Time Vel Time Vel
(Sees) (Ft/sec) | (Sees) (Ft/Sec) |(Secs) (Ft/Sec)
-0.50 1118 0,706 2031 1.65 1118
<0.45 1118 0.748 1990 1,70 1658
~0.40 1118 0.75 no spike 1.75 no spike

-0.35 1131 0.80 n n 1.754 1106
-0.30 1118 0.802 1363 1.80 no spike
-0.25 1118 0.85 no spike 1.804 1199
-0.20 1118 0.852 1184 1.85 1442
-0.15 1118 0.90 1144 1,90 2031
-0.10 1118 | 0.95 no spike 1.95 no spike
-0.05 1118 | 0.954 1118 | 1.952 1555
0.00 1292 1.00 1199 2.00 no spike

0.05 no spike 1.05 1118 2.002 1309
0.056 1631 | 1.10 no spike 2.05 no spike

0.10 163 | 1.114 3015 | 2.052 1485
0.15 1463 | 1.148 1199 | 2.10 1531
0.20 no spike 1.15 no spike 2.15 no spike

0,202 1070 | 1.20 n n 2,152 1809
*0.25 1631 | 1.206 1170 | 2,198 1605
0.30 3980 1.248 2073 2.20 no spike

0.35 1631 1.25 no spike 2,238 1686
0.40 no spike 1.30 2926 2.25 no spike

0.402 2211 | 1,344 1531 |[2.30 » v

0.45 1463 | 1.35 no spike 2.316 2488
0.50 no spike 1,40 n 2.35 no spike

0.502 2261 | 1.412 1199 2.352 5237
0.55 no spike 1.45 no spike 2.40 no spike

0.552 2031 1.452 1093 2,404 1157
0.598 1421 1.50 no spike 2.446 1463
0.60 no spike 1.506 1842 | 2.45 no spike

0.65 n 1.546 1144 | 2,50 1485
0.654 2551 1.55 no spike 2.55 2031
0.70 no spike 1.60 ‘ 1213 2.60 1809
% Shockwave arrivael 0,225 (measurement by Project 1.2)
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TABLE C,1; (Cont.)

Velocity vs Time Tumbler 4 Tower 200 Elevation 10 Ft
Total Thermal Radiation Figure Not Given In Project 8.3 Data

|
Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/sec) | (Secs) (FPt/Sec)
2.65 2073 3.75 no spike
2.70 2427 | 3.766 2926
2.75 no spike 3.80 no spike
2.766 1579 | 3.802 2369
2.80 1842 | 3.85 no spike
2.85 no spike 3.856 2843
2.86 5237 | 3.89% 1877
2.896 1605 | 3.90 no spike
2.90 no spike 3,95 n =
;.834 o 4146 | 3,95, 3827
.00 no spike 4.00

3.008 1555 1k
3.05 1746
3.10 no spike
3.106 1913
3.15 no spike
3.16 1309
3.20 2261
3.25 no spike
3.268 1344
3.30 no spike
3.308 1555
3.35 no spike
3.362 1213
3.40 no spike
3.402 1382
3.45 no spike
3.462 1228
3.50 no spike
3.516 2211
3.55 no spike
3.566 2618
3.60 no spike
3.612 1990
3.65 no spike
3.66 5102
3.698 1401
3.70 no spike
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TABLE C,15

Velocity vs Time Tumbler 4 Tower 200 Elevation 13 Ft
Total Thermal Radiation Figure Not Given In Project 8.3 Data
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TABLE C.16

Velocity ve Time Tumbler 4 Tower 202 Elevation 54 ¥t
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Total Thermal Radiation Figure Not Given in Project 8.3 Data

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/Sec) | (Secs) (Ft/Sec)
-0.50 1112 0.756 1432 | 1.85 no spike
~0.45 1112 | 0.794 1372 {1.90 ® n
-0.40 1112 | 0.80 no spike 1,95 0 o
~0.35 1122 | 0.8 n 2,00 n 0
-0.30 1112 | 0.858 106, | 2.056 v om
-0,25 1112 | 0,90 no spike 2,10 = m
-0.20 1112 | 0.914 1150 | 215 n n
-0.15 1112 0.95 no spike 2,20 n v
-0.10 1137 | 0,972 1137 |2.25 n ¢
-0.05 112, | 1,00 no spike 230 n» m

0.00 1411 | 1.002 1112 (2,35 n n

0.05 no spike 1.05 no spike 2,40 n nm

0.06 1354 | 1.058 1076 [ 2.45 "

0.10 1076 | 1.10 1112 [ 2,50 n ¢

0.15 1137 | 1.15 1206 [2.55 n

0.20 1112 1.184 1042 2,60 n n

0.25 1112 | 1.20 no spike 2.6, 1672
0.30 124 |15 n nm 2.65 no spike
0.35 1162 | 1.256 2010 [ 2.7 n nm
0.40 no spike 1.294 1076 | 2.5 ¢
0.406 128, | 1.30 no spike 2.80 n n
0.45 1087 | 1.322 1318 [R.8 r ¢
0.50 no spike 1.35 no spike 29 v
0,504 1137 1,40 m n 2.9 » "
*0.55 no spike 1,45 n n 3.00 m n
0.554 1701 | 1,50 n m 3.056 »
0.592 1137 |1.55 ® n 3.10 n m
0.60 no spike 1,60 n n 315 o0
0.65 1432 |1.65 n m 2.20 n 7
0.70 no spike 1,70 n n 3.25 "
0.702 1099 [1.75 n n 3.30 »~ n
0.75 no spike 1.80 n n 3.35 » n

* Shockwave arrival 0,508 (measurement by Project 1.2)
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Yelocity vs Time Tumbler 4 Tower 202 Elevation 54 Ft

TABLE C.16 (Cont.)

Total Thermal Radiatiom Figura Not Given In Project 8.3 Data
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TABLE C.19

Velocity vs Time Tumbler 4 Tower 204, Elevation 54 Ft
Total Thermal Radiation 57 Cal/Cm? (from Project 8.3 Data) .
Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Secs) (Ft/Sec) | (Secs) (Ft/Sec) o
| J—
-0.50 150 | 1.15 1099 2.60 no spike
~-0.45 1124 1.20 1124 2,65 v n
-0.40 1099 1.25 1099 2,70 » n s
~0.35 1112 1.30 1087 2,734 1076 B
-0.30 1112 | 1.35 1112 2,75 no spike 'Y
-0.25 1099 *l ALY 1099 2,754 1064, ‘
~0.20 1124 | 1,45 1567 | 2.80 no spike
-0.15 1112 1,464 1164 2,856 n nm
-0.10 1102 1.50 no spike 2,90 n v
-0.05 1112 1,55 n » 2,9 n n .
‘ 0.00 1112 | .60 n 3.00 » v s
‘ 0.05 no spike 1.65 n nm 3.05 » ¢ T
% 0.054 1178 1,70 » n 3.10 » » '
0.10 1137 | 175 " n 315 n n
3 0.15 1112 1.80 n 3,20 n n
3 0.20 1099 1.85 n n 3.2 v 1 .
¥ 0.25 1112 1,90 n» 3,30 n ¢ ° |
F:] 0.30 1099 1,95 n m 3.3 » m o
% 0,35 1099 [ 2,00 " n 3.0 n ow N
1 0.40 1099 | 2.01 1053 | 3.412 1053 RS
- 0.45 1112 | 2.05 1150 | 3.45 no spike Ry
- 0.50 1112 2,10 1064 | 3,50 n A
{ 0.55 1112 2,15 no spike 3.5 n n »
ﬁ 0,60 1112 (2,20 » v 3,60 n T
0.65 1112 | 2,204 1042 [ 3,65 n
0.70 1099 2,25 1042 3,70 n n 3
; 0.75 1112 2.30 no spike 3.7% n n o
} 0.80 1112 2,312 1053 3,80 n m K
0.85 1112 2,35 1042 3.85 n m A
- 0.90 112/, | 2.40 no spike 3,90 n * -
o 0,95 112 | 2.434 1053 | 3.926 1053 L e
- 1.00 1099 | 2,45 no spike 3.95 1042
X 1.05 1112 2,50 n 3.99 1042 T
3 1.10 1112 2,55 n» n 4.00 no spike C
- "
1 % Shockwave arrival 1.431 (Measurement by Project 1.2) L.
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TABLE C.20
Velocity vs Time Tumbler 4 Tower 20, Elevation 10 Ft PN
Totel Thermal Rediation 57 Cal/Cm? (from Project 8.3 Data) Y
Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/sec) | (Sees) (Ft/Sec) .
— ] ’
-0.50 1137 1.20 1137 2,39 1076
=-0.45 1124 1.25 1124 2.40 no spike
~0.40 1112 1.30 1150 | 2.44 1137 o
-0.35 1112 1.35 1150 2.45 no spike e
-0.30 124 | 1.40 1137 2.49 1076 y
-0,25 1112 1.45 no spike 2,50 no spike
-0.20 1124 1.462 1301 [ 2,55 n »
-0.15 1112 1.50 1336 | 2,558 1076
-0.10 1112 1.544 1124 2.60 no spike
~0.05 1112 1.55 no spike 2.602 1076
0.00 1519 1.598 1336 | 2.65 1178 )
0.05 1112 1.60 no spike 2.70 1076 ;
0.10 1124 1.65 1519 2.75 no spike
: 0.15 1137 1.694 1392 2,752 1192
3 0.20 112, | 1.70 no spike 2,798 1252
D 0.25 1150 | 1,75 n» n 2.80 no spike
iﬁ €.30 124 | 1,784 1496 | 2.8 n n )
i 0.35 1124 | 1,798 1252 | 2,86 1087
¥ 0.40 1112 1.80 no spike 2.898 1236
- 0.45 1137 1.85 1252 2.90 no spike 2
4 0.50 1124 | 1,90 no spike 2,95 n m
9 0.55 1112 | 1,904 1301 | 2,% 1496 :
te 0.60 1137 | 1,95 1301 | 2.998 1178 \
- 0.65 1124 | 2,00 1150 | 3.00 no spike mEe
. 0.70 1124 | 2.05 no spike 3.048 1301 '
. 0.75 1150 | 2,056 1112 | 3.05 no spike
N 0.80 1112 | 2,10 1112 | 3.10 n v
X 0.85 1112 | 2,15 1076 | 3.104 1192 o
o 0.90 1137 2.20 1137 | 3.15 1192 T
— 0.95 1137 2,25 no spike 3.20 1087 -
b 1.00 1137 | 2,262 1087 | 3.25 no spike :
- 1.05 1150 | 2.30 no spike 3.254 1076
R 1.10 1137 | 2.304 1150 | 3.30 1206
y 1.15 1137 2,35 1087 | 3.35 1164
:wa % Shockwave arrival 1.431 (measurement by Project 1.2) -
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TABLE C.20 (Cont. )

Velocity ve Time Tumbler 4 Towsr 204 Elevation 10 Ft ‘@
Total Thermal Radiation 57 Cal/Cm® (from Project 8.3 Data) ==
Time Vel Time Vel Time Vel e
(Sees) (Ft/sec)| (Secs) (Ft/Sec)| (Sees) (Ft/sec) o
3,398 1206 .
3.40 no spike R
3.45 1354 .
3.50 1112 o
3.55 1236
3.60 1252
3.65 1221
3.70 1301
3.75 1236
3.80 1221 -
3.85 1252 o
3.90 1252
3.95 1252
4,00 1192
1 K
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\ ®
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Velocity vs Time Tumbler 4

A

TABLE C.21

Total Thermal Radiation 25 Cal/l

Tower 206 Elevaticn 54 Ft

(from Project 8.3 Data

Time Vel Time Vel Tire Vel
(Sees) (Pt/See)| (Sees) (Ft/Sec)| (Sees) (Pt/sec)
-0.50 1118 1.15 1118 2.80 1259
=0.45 1128 1.20 1118 2.85 1058
-0.40 1318 1.25 1118 2.90 1228
-0.35 1118 1.30 1118 2.95 1058
-0.30 1118 1.35 1106 3.00 11318
-0.25 1118 1.40 1106 3.05 1047
-0.20 1118 1.45 1118 3.10 1093
-0.15 1106 1.50 1118 3.15 1047
-0.10 1144 1.55 1118 3.20 1118
-0.05 1118 1.60 1118 3.25 1082
0.00 no spike 1.65 1138 | 3.30 1058
0.002 1036 1.70 1118 3.35 1058
0.05 1106 1.75 1118 3.40 1070
0.10 1106 1.80 1118 | 3.45 1070
0.15 1106 1.85 1118 3.50 1070
0.20 1106 1.90 1118 | 3.55 1047
0.25 1106 1.95 118 3.60 1058
0.30 1106 2.00 1131 3.65 1047
0.35 1118 2.05 13131 3.70 1047
0.40 1118 2.10 1131 3.7 1036
0.45 118 | 2.15 1144 | 3.80 1047
0.50 1126 2.20 1131 3.85 1026
0.55 1106 | 2,25 1131 | 3.90 1026
0.60 1118 | 2,30 1344 | 3.95 1058
0.65 1106 | 2.35 1144 | 4.00 1047
0.70 1106 | 2.40 1144 | 4.05 1106
0.75 1118 | 2.45 1131 | 4.10 1005
0.80 1118 | 2.50 1144 | 4.15 1070
0.85 1106 [*2.55 no spike 4.20 1005
0.90 1138 2.552 1421 4.25 1036
0.95 1118 2,60 1213 4.30 1093
1.00 1106 2.65 1401 4.35 1015
1.05 1106 2.70 1047 440 1082
1.10 1118 | .75 1106 | 4.45 1026
% Shockwave arrival 2,537 (measurement by Project 1.2)
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TARIR C.21 (Cont.)
Velocity vs Time Tumbler 4, Tower 206 Elevation 54 Ft -
Total Thermel Radisticn 25 Cal/Ce? (from Project 8.3 Data) o
Time Vel Time Vel Time Vel
(Sees) (Ft/Sec) | (Sees) (Ft/Sec) | (Secs) (Ft/Sec) _
°®
4.50 995 | 6.00 1036 | 7.75 1047
4.548 1047 | 6.05 1058 | 7.80 1047
4.55 no spike 6.10 1047 | 7.85 1047
4.60 1058 6.15 1047 | 7.9 1058 -
4.65 1070 | 6.20 1036 | 7.95 1047 °
4.70 1036 6.25 1047 8.00 1047 .
1 4.75 no spike 6.30 1047
- 4.752 1070 | 6.35 1047
3 4.80 1047 6.40 1047
2 4.848 1118 | 6.45 1058 .
- 4.85 no spike 6.50 1047 ®
- 490 n» 6.55 1058 .
- 4£.902 1421 | 6.60 1047
4.9 1047 | 6.65 1058
5.00 1036 | 6.70 1058
5.05 1058 | 6.75 1058
5.10 1047 | 6.80 1036 °
5.148 1036 | 6.85 1058 B
5.15 no spike 6.90 1058
5.20 1026 6.95 1058
5.25 1047 | 7.00 1058
5.30 1070 | 7.05 1058 .
5.35 1047 | 7,10 1058 .
5.40 1093 | 7.15 1058 ‘
5.45 1047 7.20 1058
5.50 1058 | 7.25 1070
- 5.55 1047 | 7.30 1058
3 5.60 1047 | 7.35 1058 -
E 5.65 1047 | 7.40 1058 r Y
_ 5.70 1047 | 7.45 1047
x 5.75 1047 7.50 1058
5.80 1047 | 7.55 1058
- 5.85 1047 | 7.60 1047
N 5.90 1047 | 7.65 1047
- 5.95 1047 | 7.70 1047 °
2 L
:
3
3 113 .
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-~ B eetes Te e et pne wTefebetr T 2T




TABLE G,22

Velocity vs Time Tumbler 4 Tower 206 Elevation 10 Ft -
Total Thermal Rediation 25 Cal/CmR (from Project 8.3 Data) -

Time Vel Time Vel Time Vel - -
(Sees) (Ft/Sec) | (Sees) (Ft/sec)| (Secs) (Ft/Sec) .
p.....
-0.50 1124 1.15 1137 2.796 1053 it
=0.45 1118 1.20 1137 | 2.80 no spike
-0.40 1118 | 1.25 1137 | 2.844 1064 W
-0.35 1124, | 1.30 1137 2.85 no spike T
-0,30 1124 1.35 1150 2.898 1053 ;‘ -
-0.25 1118 1.40 1150 2.90 no spike
~0.20 112 | 1.45 116, | 2.948 1042 '
-0.15 124 | 1.50 1164 | 2.95 no spike
-0.10 1118 1.55 1164 3.00 1042
-0.05 1118 | 1.60 116, | 3.05 1064,
0.00 no spike 1.65 164 |3.10 1087 .
0.002 1496 1.70 1150 | 3.15 no spike )
0.05 112, | 1.75 1150 | 3.154 1053
0.10 1118 | 1.80 1150 | 3.20 1053 .
0.15 112, | 1.85 1164 | 3.25 1064 -
0.20 12, |1.90 1150 | 3.28 1042 :
0.25 1124 | 1.95 1137 | 3.30 no spike :
0.30 1124 | .00 1137 | 3.33 1042 )
0.35 1124, | 2.05 1137 | 3.35 mno spike .
0.40 1137 | 2.10 1150 |[3.40 * ¢ o
0.45 1137 | 2.15 137 |3.45 " " o
0.50 1137 | 2.20 150 [3.50 " n o
0.55 1137 | 2.25 1137 [(3.55 " " -
, 0.60 124 |2.30 1150 (360 " " L
i 0.65 1124 | 2.35 1150 [3.65 " "
b 0.70 1137 | 2.40 1137 |3.70 " "
3 0.75 N37 | 2.45 n50 |[3.75 " v
X 0.80 1137 |.2.50 1150 |[3.80 n ®
- 0.85 124 |*2.55 1354 (3.8 " " .
n 0.90 112, | 2.60 1me 3.9 " " )
. 0.95 1137 2.65 1076 3.9 m m .
1.00 1124 | 2.70 no spike 4.09 mom .
g 1.05 1137 2.702 1284 4,05 n nm "
- 1,10 137 | 2.75 1076 |4.20 v n g
, @ * Shockwave arrival 2.537 (measurement by Project 1.2) ]
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Velocity vs Time Tumbler 4 Tower 206 Elevation 10 Ft

—E—

TABIE C,22 (Cont.)

Total Thermal Rediation 25 Cal/Cm? (from Project 8.3 Data)

Tinme Vel Tinme Vel Vel
(Secs) (Ft/Sec) |(Sees) (Ft/Sec) ]| (Sees) (Ft/see)
4.15 no spike 5.348 1042 | 7.00 1031
4,20 1 n 5.35 no spike 7.05 1031
425 n n 5,40 v n 7.10 1020
4.278 1076 | 5,41 1031 | 7.15 1053
4.30 no spike 5.45 1020 | 7.20 1042
4,35 n n 5.50 1064 | 7.25 1042
4.392 1053 | 5.55 1020 | 7.30 1053
4.40 no spike 5.60 1042 [ 17.35 1042
445 n om 5.65 1031 | 7,40 1031
4.h52 1042 1 570 1031 | 7.45 1042
4. 486 1042 5.75 1042 7.50 1031
4.50 no spike 5,798 1042 | 7.55 1031
4.542 1064 | 5.80 no spike 7.60 1031
4.55 no apike 5,85 1042 | 7.65 1031
4,60 n n 5.90 1042 | 7.70 1042
4.624 1042 | 5,95 1042 | 7.75 1031
4.65 no spike 6,00 1042 | 7.80 1042
4.662 1042 | 6,05 1020 |7.85 1042
4.70 1053 | 6,10 1042 | 7.90 1053
4.75 1064 | 6,15 1042 | 7.95 1053
4,792 1042 | 6,20 1020 | 8.00 1053
4.80 no spike 6.25 1020
4.85 1020 | ¢,30 1020
4,898 1053 6.35 1020
4.90 no spike 6.40 1042
4.95 1064 645 1031
2.0 1081 1 6.50 1042
5,03 1076 6.55 1042
5.05 no Spike 6. 60 1042
5.10 no spike 6.65 1042
2.4 19701 6,70 1042
5.15 1020 ¢ 5 1053
5.20 1042 | ¢ 80 1042
5.25 no spike 6' 85 1042
5.27 1053 6.90 1042
5.30 no spike 6.95 1031
5,304 1031 ’
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TABLE C.23

Velocity vs Time Tumbler 4 Tower 206 Elevation 14 Ft : o
Total Thermal Radiation 25 Cal/CmR (from Project 8.3 Data) -

Time Vel Time Vel Time Vel
(Secs) (Ft/see) | (Sees) (Ft/sec) | (Secs) (Ft/Sec)

»
~0.50 1137 | 1.05 1268 | 2.65 1221 D
~0.45 1137 | 1.10 1268 | 2,70 1221 S
~0.40 1124 1.15 1284 2.5 1 IR
~0,35 1124 | 1.20 1268 | 2.80 1118 o
-0,30 124 | 1.25 1268 | 2.85 1192 2 T
~0,25 1124 | 1.30 1252 | 2,90 1178 »
-0.20 1124 | 1.35 1268 | 2,95 1178 T
-0.15 1124 | 1.40 1268 | 3.00 1192
-0.10 1124 1.45 1268 3.05 1192
~0,05 1124 | 1.50 1268 | 3.10 1164
0.00 no spike 1.55 1268 | 3.15 1192 -
0.002 1112 | 1.60 1268 | 3.20 1178 b
0,05 1236 | 1.65 1268 | 3.25 1236
0.10 1252 | 1,70 1268 | 3.30 1178 ,
0.15 1268 | 1.75 1268 | 3.35 1164
0.20 1268 1.80 1268 3.40 1150
0.25 1252 1.85 1268 | 3.45 1164
0.30 1252 | 1.90 1268 | 3,50 1124 )
0.35 1252 1.95 1252 3.55 1099
0.40 1252 | 2,00 1268 | 3,60 1087
0.45 1268 2,05 1268 3.65 1124
0.50 1268 | 2.10 1268 | 3,70 1112 _
0.55 1268 2.15 1268 3.7 1112
0.60 1268 | 2.20 1268 | 3.80 1124 )
0.65 1268 2,25 1268 3.85 1112 s
0.70 1284 | 2.30 1268 | 3.90 1099
0.75 1268 2,35 1268 3.9 1112
0.80 1268 | 2.40 1268 | 4.00 1099
0,85 1268 | 2.45 1268 | 4.05 1099 -
C.90 1268 | 2.50 1268 | 4.10 1112 )
0.95 1268 1%2,55 1354 | 4.15 1124,
1,00 1268 | 2,90 1268 | 4.20 1099
* Shockwave arrival 2.537 {measurement by Project 1.2)
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TABLE €.23(Cont.)

Velocity vs Time Tumbler 4 Tower 206 Elevation 13 Ft
Total Thermal Radiation 25 Cal/Cm~ (from Project 8.3 Deta)

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)| (Secs) (Pt/Sec)| (Secs) (Ft/See)
4.25 1099 5.9 13124 7.65 1137
4.30 1124 6.00 1124 7.70 1124
4.35 1112 6.05 1124 7.75 1137
4.40 1212 6.10 1124 7.80 1124
4.45 1112 | 6.15 1137 | 7.85 1324
4.50 1099 6.20 1137 7.90 1124
4.55 1099 | 6.25 1137 7.95 1124
4.60 1124 6.30 1137 g.00 1137
4.65 13124 6.35 1150
4.70 1124 | 6.40 1164
4.75 1137 6.45 1150
4.80 1124 | 6.50 1164
4.85 1164 | 6.55 1150
4.90 1192 6.60 1164
4.95 1192 6.65 1150
5.00 1164 6.70 1124
5.05 117 6.75 1137
5.10 1178 6.80 137

3 5.15 1178 | 6.85 1150

3 5.20 1178 6.90 1150

¥ 5.25 1178 | 6.95 137

x 5.30 1137 7.00 1137

" 5.35 1124 | 7.05 1137

, 5.40 137 | 7.10 1137

3 5.45 112 | 7.15 1150
5.50 1137 7.20 1137

; 5.55 11590 7.25 1137

L 5.60 1150 7.30 1124
5.65 1150 | 7.35 1124

- 5.70 1164 7.40 1124

E,: 5.75 1137 7.45 1124

- 5.80 1124 | 7.50 1124,

E‘ 5.85 1124 7.55 1137

§~ 5.90 1137 7.60 1137
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TABLE C.24
Velocity vs Time Tumbler 4 Tower 208 Elevation 54 Ft

Total Thermal Radiation 15 Cal/Cm? (from Project 8.3 Data)

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Sees) (Ft/see)| (Secs) (Ft/sec)
-0,50 1131 | 1.15 1157 | 2.80 1170
-0.45 1118 | 1.20 144 | 2.85 1170
-0.40 1118 | 1.25 1157 | 2.90 1170
-0.35 1106 | 1.30 1157 | 2.95 1157
~0,30 118 | 1.35 1157 | 3,00 1157
-0.25 1131 | 1.40 1144 | 3.05 1157
-0,20 1118 | 1.45 114, | 3.10 1144,
-0.15 1106 | 1.50 1157 | 3.15 1157
-0,10 1131 | 1.55 1144 | 3.20 1157
~0,05 1118 | 1.60 1157 | 3.25 1157
0.00 1082 | 1,65 1157 | 3.30 1170
0.05 144 | 1.70 1144 | 3.35 1157
0.10 114, | 1.75 1157 | 3.40 1144
0.15 1157 | 1.80 1157 | 3,45 1157
0,20 1157 | 1.85 157 | 3.50 1144,
0.25 1144 | 1.90 114 | 3.55 1144,
0.30 1157 |1.95 1144, | 3.60 1157
0,35 114 | 2.00 114 | 3.65 1157
0.40 157 | 2.05 1157 |,3-70 114k
0.45 1157 | 2.20 1144, | 3.75 1047
0.50 1157 |2.15 1170 | 3.80 1036
0.55 1144 | 220 1157 | 3.848 1106
0.60 1157 | 2.25 1157 | 3.85 no spike

0.65 1157 | 2.30 1157 |3.90 v ¢

0.70 1157 | 2.35 1170 | 3.906 1047
0.75 1157 | 2.40 1157 | 3.9 1047
0.80 1170 | 2.45 1157 | 4.00 1026
0.85 1144 | 2.50 1157 | 4.05 no spike

0.90 1157 | 2,55 1170 | 4.054 1082
0.95 1157 | 2.60 1157 | 4.10 no spike

1.00 1157 | 2.65 1157 | 4.104 1070
1.05 1157 | 2.70 1157 | 4.15 1118
1.10 1144 | 2.75 1170 | 4.20 1058
* Shockwave arrival 3.728 (messurement by Project 1.2)
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Velocity vs Time Tumbler 4 Tower 208 Elevation 54 Ft

.

TABLE C.24 (Cont.)

Total Thermal Radiation 15 Cal/Cm? (from Project 8.3 Deta)

Time Vel Time Vel Time Vel
(Secs) (F%/Sec) | (Secs) (Ft/Sec) | (Secs) (Ft/sec)
4.25 1026 | 5.55 1070 | 6.65 no spike

4,30 1058 5.596 1106 6.70 m n

4.35 1058 5.60 no spike 6.712 1015
4.40 1058 | 5.62 1118 | 6,75 1015
L.45 1199 | 5.70 no spike 6,798 1058
4.50 1184. 5.75 1070 6.80 no spike

4.55 1184 | 5.79€ 1047 | 6.848 1026
4.60 no spike 5.80 no spike 6.85 no spike

4,602 1093 | 5.842 1118 | 6.888 1047
4.65 1058 5.85 no spike 6.90 no Spj_ke

4,698 1047 | 5.90 1047 | 6.95 1026
4.70 no spike 5.95 1047 | 7,00 1015
4,748 1047 | 5.996 1015 | 7.05 1015
4,80 1070 | 6.00 no spike 7.10 no spike

4.85 1093 6.05 1036 7.102 1093
4.90 1058 | 6.09 1036 | 7,15 1026
4.95 1093 | 6.10 no spike 7.20 1026
5.00 no spike 6.148 1036 | 7.25 1015
5.002 1047 | 6.15 no spike 7.30 no spike

5.05 1292 6.20 1070 7.302 1442
5.10 no spike 6.25 no spike 7.35 1015
5.102 1026 | 6.254 1026 | 7.40 1015
5.15 no spike 6.30 no spike 7.45 1015
5.156 1036 6.308 1047 7.50 1026
5.20 1047 | 6.3 1058 | 7.55 1026
5.25 no spike 6.40 1170 | 7.60 1026
5.252 1026 | 6.448 1058 | 7.65 1026
5.30 no spike 6.45 no spike 7.'70 1026
5.308 1047 | 6.498 1036 | 7.75 1026
5.35 1058 | 6.50 no spike 7.80 1026
5.40 1036 6.55 1653 7.85 1015
5.448 1026 6.598 1058 7.90 1058
5.45 no spike 6.60 no spike 7.95 1026
5.50 1026 6.632 1184 8.00 1015
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TABLE C.25

Velocity vs Time Tumbler 4 Tower 208 Elevation 10 Ft
Total Thermal Radiation 15 Cal/Cx? (from Project 8.3 Data)

5

bl A
a
i
.
.

Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Sees) (Ft/sec)| (Secs) (Ft/Sec)
=0.50 1124 1,19 1124 2.70 1112
~0.45 1112 1.15 1124 2.75 1124
-0,40 1124 1.20 1124 2,80 1124
-0.,35 1112 1.25 1124 2.85 1124
-0,30 1112 1.30 1124 2.9 1112
-0,25 1124 1.35 1124 2.95 1124
-0,20 1112 1.40 13124 3.00 1124
-0.15 1112 1.45 1124 3.05 1124
-0.10 1124 1.50 112/ 3,10 1112
-0.05 1112 1,55 1124 3.15 1112

0,00 1701 1.60 1137 3.20 1112

0.05 1112 1.65 1124 3.25 1112

0.10 1112 1.70 112 3.30 1112

0.15 1124 1.75 1112 3.35 1112

0,20 1124 1.80 1124 3.40 1124

0.25 112 1.85 1112 3.45 1124

0.30 1112 1.90 1124 3.50 1112

0.35 1124 1.95 1132 3,55 1124

0.40 1112 2.00 1124 3.60 1124

0.45 1127 2.05 1112 3,65 1124

0.50 112 | 2.10 12, | 3.70 1124

0.55 1124 2,15 1124 3.746 1053

0.60 1112 2,20 1112 3.75 no spike

0.65 1124 2,25 1112 3.80 1178

0.70 1112 2.30 1112 3.85 1268

0.75 1124 2.35 1124 3.90 1206

0.80 1124 | 2.40 1112 | 3,95 1064

0.85 1112 | 2.45 1112 | 4.00 1164

0.90 1112 | 2.50 1112 | 4.05 1064

0.95 1112 2.55 1124 4.10 1064

1,00 1112 2.60 1112 4.15 1087
1.05 1124 2.%5 1124 4.20 1112
%* Shockwave arrival 3.728 (measurement by Project 1.2)
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Velocity vs Time Tumbler 4 Tower 208 Elevation 10 F¢

TABLE C.25 (Conmt.)

Total Thermal Radiation 15 Cal/Cm? (from Project 8.3 Data)

i et

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/Sec)| (Secs) (Ft/Sec)
4.30 1053 5.998 1031 [ 7.65 1076
4.35 1087 | 6.00 no spike 7.70 1076
4. 40 1064 6.05 1031 7.75 1076
4.45 1087 6.10 1064 7.80 106/
4,50 1076 | 6,148 1064 | 7.85 1076
4.55 1076 6.15 no spike 7.90 1076
4.60 1076 6.20 1087 7.95 1064
4.65 1064 | 6.25 1064 | 8,00 106/,
4.70 1076 6.30 1064
4.75 1053 6,35 1112
4.80 1064, | 6.40 1064,
4.85 1064 | 6.45 1064
4.90 1064 | 6.50 1064
4,95 106/, | 6.55 1064
5.00 1076 6.60 1076
5.05 1064 | 6,65 1064,
5.10 1064, | 6,70 1099
5.15 1053 6,75 1064
5.20 1776 6.80 1076
5.25 1053 6.85 no spike
5.30 1064 | 6.852 1064
5.35 1031 6,90 1064
5.40 1064 | 6,95 1076
5.45 1042 7.00 1064
5.50 1042 7.05 106/
5.55 1042 7.10 1053
5.598 1042 7.15 1076
5.60 no spike 7.20 1064
5.65 1087 7.25 1076
5.70 106 7.30 1064
5,748 1053 7.35 1064
5.75 no spike 7.40 1064
5,80 1042 | 7.45 1064
5.85 1053 7.50 1076
5.90 1053 7,55 107¢
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TABLE C,26

Velocity vs Time Tumbler 4 Tower 208 Elevation 1} Ft

Total Thermal Radiation 15 Cal/Cm? (from Project 8.3 Data)

Time Vel Time Vel Time Vel
(Sece) (Ft/Sec) | (Secs) (Ft/Sec) | (Sees) (Ft/Sec)
=0,50 1112 1,20 1124 2,90 1137
-0.45 1124 1.25 1112 2.95 1137
0,40 1124 1,30 1124 3.00 1137
-0.35 1124 1.35 1124 3.05 1137
-0.30 1124 1.40 1112 3.10 1137
-0.25 1124 | 1.45 1124 3.15 1137
-0.20 1124 1.50 1124 3.20 1137
-0.15 1137 | 1,55 112, | 3,25 1137
-0.10 1137 | 1,60 1112 | 3.30 1124
-0.05 1137 | 1.65 1112 | 3.35 1137

0.00 4234 1.70 1124 3.40 1137

0.05 1124 1,75 1124 3.45 1137

0.10 1124 1.80 1124 3.50 1137

0.15 1124 | 1.85 1112 3.55 1137

0.20 1124 1.90 1112 3.50 1137

0.25 1112 1.95 1124 3.65 1124

0.30 1112 2,00 1124 *3.70 4124

0.35 1124, | 2.05 1124 3,75 1284

0.40 1112 2,10 1124 3.80 1192

0.45 1332 2.15 1124 3,85 1301

0,50 1112 | 2.20 1112 | 3.90 1164

0.55 112, | 2,25 1124 3.95 1178

0.60 1112 2.30 1124 4000 1178

0.65 1124 2.35 1124 4.05 1164

0.70 1112 2.40 1124 4.10 1087

0.75 1124 2.45 1124 4.15 1137

0.80 1124 2.50 1124 4.20 1150

0.85 1124 2.55 1124 4.25 1137

0.90 1112 2,60 1124 | 4.30 1124

0.95 1112 2,65 1124 | 4.35 1112

1.00 1112 2.70 1124 4.40 1124

1.05 112/ .75 1137 JARA, 1150

1.10 1112 2.80 1137 4.50 1124

1.15 1112 2.85 1137 4.55 1124
* Shockwave arrival 3.729 (measurement by Project 1.2)
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TABLE C,26 (Cont)

Velocity vs Time Tumbler 4 Tower 208 Elevation 13 Ft

Total Thermal Rediation 15 Cal/Cm? (from Project 8.3 Data)

WWNN DD SO

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)| (Secs) (Ft/Sec)| (Secs) (Ft/Sec)
4,60 1137 6,45 1124
4.65 1137 6.50 1150
4,70 1137 6.55 1137
4.5 1137 6.60 1137
4,80 1137 | 6.65 1137
4,90 1124 | 6.75 1137
4,95 1124 | 6.80 1124
5,00 1124 | 6.85 1124
5.10 12 | 6,95 1124
5.15 1124 | 7.00 1112
5.20 1137 7.05 1124
5.25 1137 7.10 1124
5.30 1099 7.15 1137
5.35 1124 7.20 1124
5.40 1124 | 7.25 1124
5.45 1124 | 7.30 1124
5.50 1112 7.35 1124
5.55 1124 7.40 1124
5.60 1099 745 1137
5.65 1124 | 7.50 1124
5.70 1099 7.55 1124
5.75 1099 7.60 1137
5.80 1099 7.65 1137
5.85 1137 7.70 1124
5.90 1112 7.75 1137
5.95 1087 7.80 1150
6.00 1124 |17.85 1137
6.05 1099 7.90 1137
6.10 1112 7.95 1137
6.15 1099 8.00 1137
6.20

6.25

6.30

6.35

6.40
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APPENDIX D

TUMBLER 3 AND 4 TABLES OF

ACOUSTIC VELOCITY VS TIME ®
FOR INTERVALS OF 50 MILLISECONDS =

BEFORE SHOCK WAVE ARRIVAL

"®1

g

The velocity data in Appendix D may differ slightly from
those of Appendix C as the former were extracted by tele-
reader and IBM machine techniques by a professiounal com- T
puting company, whereas, for the latter the more conven- o
tional brute force method of a technician with a ruler was [
adopted, The author, however, has been unable to discover
any major discrepancies,
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TABLE D.1

Velocity vs Time Tumbler 3 Tower 200 Elevation 54 Ft

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)| (Secs) (Ft/Sec)| (Sees) (Ft/Sec)
1,618 1123 1,638 1239 1,658 1181
1,620 1158 1.640 1239 1.660 1195
1,622 no spike 1.642 1229 1,662 1185
1,62, v n 1,644 1219 1,664 1200
1,626 v 0 1,646 1234 | 1.666 1094
1,628 n 1,648 1209 1.668 no spike
1,630 v " 1,650 1209 *1.670 n it
1,632 n© n 1,652 1209 1,672 0 "

1.634 1145 1.654 13190 1.674 2702
1,636 1167 1,656 1214 1,676 1408
¥ Shockwave arrival 1,671 (measurement by Project 1.2)

TABLE D,2

Velocity vs Time Tumbler 3 Tower 200 Elevation 10 Ft

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)|(Secs) (Ft/Sec )| (Secs) (Ft/Sec)
1.654 1538 1,67, no spike 1.694 1421
1,656 1463 | 1,676 n n 1.696 1463
1,658 no spike 1.678 1449 | 1.698 no spike
1,660 v 0 1,680 no spike 1,700 n n
1,662 n n 1,682 1612 |*¥1,702 " ®
1,66/ 1724 1,684 no spike 1,704 1910
1,666 no spike 1,686 1818 1,706 no spike
1,668 2222 1,688 1754 1,708 1470
1,670 no spike 1.690 1449 | 1,710 no spike
1.672 1621 1,692 1714 1,712 » ®
* Shockwave arrival 1,702 (measurement by Project 1,2)
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TABLE D,3

Velocity vs Time Tumbler 3 Tower 200 Elevetion 1% Fi

.
[}
.

Time Vel Time Vel Time Vel
(sees) (Ft/Sec )| (Sees) (Ft/Sec)| (Sees) (Ft/Sec)
1,660 no spike 1.680 1463 1.700 1587
1,662 n n 1.682 1515 1.702 1456
1,66, n nm 1,684 1435 1,704 2097
1,666 n n 1,686 1421 1.706 no spike]

1,668 n n 1,688 1428 |[#¥1,708 n =&
1,670 n n 1.690 1554 1,710 1229
1,672 n n 1,692 1492 1,712 1075
1,67, n n 1,694 1477 1,714 no spike

1,676 n v 1,696 1554 1,716 1304
1,678 1587 1,698 1562 | 1.718 no spike

* Shockwave arrival 1,708 (measurement by Project 1,2)

-y
.

TABLE D.4

Velocity vs Time Tumbier 3 Tower 202 Elevation 54 Ft

- .

[ N

. R et
vt LI

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec) | (Secs) (Ft/Sec)| (Secs) (Ft/See)
1,844 1149 | 1.864 1149 | 1.88. no spike
1,846 1136 | 1.866 1127 1,886 n nm
1,848 1132 1,868 1149 | 1.888 2189
1.850 1136 1,870 1127 1.890 no spike
1,852 1136 | 1.872 1153 |[,1.892 1554
1.854 1162 1.874 1136 1.894 no spike
1,856 1149 | 1.876 1132 | 1,896 ° n
1,858 1149 | 1.878 1127 | 1,898 1333
1.860 1149 1.5%80 no spike 1.900 no spike
1,862 1153 1,882 v n 1,902 1271
%i * Shockwave arrival 1,853 (measurement by Project 1,2)
.
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Velocity vs Time Tumbler 3

TABIE D.5

Tower 202 Elevetion 10 Ft

Time Vel Time I Vel Time Vel

(Sees) (Ft/Sec)i (Secs) (Ft/sec)| (Secs) (Ft/Sec)

1.870 1234 1.820 1185 1,910 1185 -
1.872 1219 1.892 1195 1.912 1181 -
1,874 1219 1,894 1181 1,914 1139

1,876 1250 1.896 i 1,916 1115

1.878 1250 1,898 1200 1,918 1162

1,880 1229 1,900 i 1,920 1293

1.882 1265 1,902 13181 | *1,922 1181

1.884 1234 1,904 1349 | 1,924 1185

1.886 1222 1,906 1209 1.926 13149

1,888 1239 1.908 1149 1.928 1158

* Shockwave arrival 1,922 (messurement by Project 1.2)

TABIE D.6

Velocity vs Time Tumbler 3 Tower 202 Elevation 1% Ft

Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Sees) (Ft/Sec)| (Secs) (Ft/Sec)
1.880 1339 1,900 no spike 1,920 no spikel
1,882 1327 1.902 1604 1,922 n n
1.834 1321 1.904 1657 1.924 1315
1.886 1333 | 1.906 1477 | 1.926 no spike
1,888 no spike 1,908 1463 | *¥1,928 1315
1.890 2040 1.910 1i42 1,930 nc spike
1,892 no spike 1.912 1149 1,932 » m
1.894 n n 1,914 no spike 1,93, n m N
1,896 n n 1.916 1287 1,936 n n
1,896 n n 1,918 no spike 1,938 n ¢ Ts
% Shockwave arrival 1,928 (measurement by Project 1,2)
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TABLE D.7
Velocity vs Time Tumbler 3 Tower 204 Elevation 54 Ft :_
Time Vel Time Vel Time Vel :
(secs) (Ft/sec)|(Secs) (Ft/sec)| (Sees) (Ft/Sec) _
2,47, 1127 | 2,494 1132 | 2.54 1132 o
2.476 1136 | 2.4% 1127 | 2.516 1136 2
2.478 1132 2.498 1132 2.518 1132 o
2,480 1136 2,500 1127 2,520 1136 .
2.482 1127 2.502 1136 2.522 1132 -
2.484 1140 2,504 1136 2.524 1315 o
2,486 1136 | 2.506 1127 2,526 no spike ®
2.488 1127 2,508 1136 2.528 2400 ’
2,490 1132 2,510 1123 | *¥2.530 no spike
2,492 1127 2,512 1136 2.532 2189
¥ Shockwave arrival 2,530 (measurement by Project 1,2) .
C
TABIE D.8
Velocity vs Time Tumbler 3 Tower 204 Elevation 10 Ft l:f.'i
Time Vel | Time Vel | Time Vel *
(Secs) (Ft/Sec) | (Sees) (Ft/Sec)| (Secs) (Ft/Sec) o
5
2,504 1153 | 2.524 1149 | 2,544 no spike }
2,506 1149 2,526 149 2,546 1063 o i
2,508 1153 | 2,528 no spike 2,548 no spike e
2,510 1149 2.530 1287 2,550 v m e
2,512 1153 | 2.532 no spike x2e952 " " S
2,51, 153 | 2.53% n n 2,55, m Ry
2,516 1149 2,536 1818 2,556 n n Sy
2.518 1153 | 2.538 no spike 2.558 n L
2,520 1149 | 2.540 v v 2,560 n .
2.522 1149 2,542 " " 2,562 n n :
* Shockwave arrivel 2,553 (measurement by Project 1.2)
e
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TABLE D.9
Velocity vs Time Tumbler 3 Tower 204 Elevation 1% Ft
.
Time Vel Time Vel Time Vel R
(Secs) (Ft/Sec)| (Sees) (Ft/Sec)| (Secs) (Ft/Sec) .
2.512 1209 | 2,532 1195 | 2,552 no spike S
2,51, 1209 | 2.534 1190 | 2,554 ™ " »
2.516 1195 | 2.536 1190 | 2.556 1060 T
2,518 1200 | 2.538 1181 | 2,558 no spike SN
2.520 1204 2,540 1200 |%2,560 nm .
2,522 1195 | 2,542 no spike 2,562 1796
2 . 52j+ 1204 2 . 51&4 n " 2 . 5610 1775 N
2.526 1200 2,546 1463 2,566 no spike )
2,528 1195 2.548 no spike 2,566 n n e
2.530 1195 2.550 1111 2,510 w n
# Shockwave arrival 2,560 (measurement by Project 1,2) '
TABLE D.10 '
Velocity ve Time Tumbler 3 Tower 206 Elevation 54 Ft
Time Vel Time Vel Time Vel y
o (Secs) (Ft/Sec)|(Secs) (Ft/Sec)|(Secs) (Ft/Sec) .
= 3.372 1127 | 3,392 1123 | 3.412 1115 S
3.374 1115 | 3.39 1115 | 3.414 1123 ~e
(e 3.376 1123 | 3.3% 115 | 3.426 1123 i
3 3.378 1127 3.398 1123 3.418 1115 ST
s 3.380 1123 | 3,400 1132 | 3.420 1123
3 3,382 1119 3.402 1119 3.422 no spike
2 3.384 1119 3.404 1119 3424 1293
_ 3.386 1123 | 3.406 1115 | 3,426 no spike ,
— 3.388 1119 | 3.408 1115 | 3.428 n w .
3.390 1123 | 3.410 1127 |*3.430 2521 RORE
* Shockwave arrival 3,430 (measurement by Project 1.2)
o .
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TABLE D,11 :
Velocity vs Time Tumbler 3 Tower 206 Elevation 10 Ft

Time Vel Time Vel Time Vel

{Secs) (Ft/Sec)| (Sees) (Ft/Sec)| (Secs) (Ft/Sec)

3.402 1127 | 3.422 1136 | 3.442 no spike Y

3.404, 127 | 3.424 1140 | 3.444 1321 e T

3.406 1123 | 3.426 1119 | 3.446 no spike R

3.408 1127 | 3.428 1140 | 3,448 » m

3.410 1132 | 3.430 no spike 3,450 n nm R

3.432 1127 | 3.432 1666 | 3,452 n m e

3.414 1140 | 3.434 no spike 3.454 1,01 "o

3.418 1145 3.438 no spike 3,458 no spike

3.420 1127 | 3.440 1595 | 3.460 1363

* Shockwave arrival 3.450 (measurement by Project 1,2) S
e

TABLE D,12 -
Velocity ve Time Tumbler 3 Tower 206 Elevation 1% Ft

Tine Vel | Time Vel | Time Vel e

(Sees) (Ft/Sec)|(Secs) (Ft/sec)|(Secs) (Ft/sec) )

3.406 1224 | 3.426 1219 | 3,446 no spike .

3.408 1224 | 3.428 121 | 3.448 1492 o e

3.410 1224 3.430 1214 3.450 no spike .

34412 1219 | 3.432 1234 | 3.452 n n -

3.414 1209 | 3.434 no spike LehSh " "

3.416 1239 | 3.436 1176 | 3.456 " ® _

3.418 1229 | 3.438 no spike 3.458 1204 R

3.420 1224 3,440 n n 3.460 1388 -

3.422 1229 | 3.442 2439 | 3.462 no spike . N

30421# ! 1250 30444 1200 30464 n n . '.‘-t, -

* Shockwave arrival 3.455 (measurement by Project 1.2)
.
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TABLE D,13

Velocity vs Time Tumbler 4 Tower 200 Eievation 1% Ft

Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Secs) (Ft/Sec) (Secs) (Ft/Sec)
0.180 no spike 0.200 1137 0.220 no spike

0,182 » nm 0.202 no spike o2 n n

0,18, n " 0,204 1335 0,22, n n

0.186 3372 0.206 no spike 0.226 4627
0.188 no spike 0.208 1519 | *0,228 no spike

0.190 5852 0.210 no spike 0.230 4422
0,192 no spike 0,212 n m 0.232 1344
0,19/ n 0,21, n w 0.234 no spike

0,196 3826 0.216 4326 0,236 1381
0.198 no spike 0.218 no spike] 0,238 no spike

* Shockwave arrival 0,228 (measurement by Project 1,2)

TABLIE D,14
Velocity vs Time Tumbler 4 Tower 202 Elavation 54 Ft

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)|(Secs) (Ft,/Sec) (Secs) (Ft/Sec)
0.460 1206 C.480 1105 0.500 no spike

0.462 1184 0.482 1117 0,502 n n

0,464 1150 0.484 1243 0.504 1117
0,466 1130 | 0,486 1267 0.506 1137
0,468 1093 0.488 1309 | #0,508 1330
0,470 1137 0.490 1283 0.510 1156
0.472 1206 0.492 1191 | 0,512 1220
0.474 1251 0.494 1130 | 0,514 1220
0.476 1267 0.496 1087 0.516 no spike|
0,478 1198 0.498 no spike %*0,518 1507
% Shockwave arrival 0,508 (measurement by Project 1.2)
%% Shockwave arrival 0,5182(measurement by Project 1.4)
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LE D,15

Velocity vs Time Tumbler 4 Tower 202 Elevation 13 Ft

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)| (Secs) (Ft/Sec) (Secs) (Ft/Sec)
0.432 2551 0.454 2341 0.476 2618
0.434 2456 0.456 258/ 0.478 2689
0.436 3372 | 0.458 2618 | 0,480 no spike
0.438 2618 0,460 2518 *0,482 2653
0,440 2010 0,462 2618 0,484 1372
0.442 2072 0,464 2369 0.486 no spike
0,444 2369 0.466 2802 0.488 0 n
0.446 1932 0.468 2163 0,490 n n
0.448 2426 0,470 2313 0,492 n n
0.450 2235 0.472 2487 [#¥0,494 n n
0.452 24,26 0.474 2456

* Shockwave arrival 0,483

(measurement by Project 1.23
1

%% Shockwave arrival 0,4941 (measurement by Project 1.4

TABLE D,16

Velocity vs Time Tumbler 4 Tower 204 Elevation 54 Ft

Time Vel Tine Vel Time Vel
(Secs) (Ft/sec) | (Secs) (Ft/Sec)| (Secs) (Ft/Sec)
1,382 1117 1.402 1105 1.422 1111
1,384 1117 1.404 13124 1.424 1137
1.386 1111 1.406 1099 1.426 1117
1,388 1111 1,408 1111 1,428 1124
1.390 1105 1,410 1105 *1o430 1111
1.392 1130 1.412 1124 1.432 1745
1,39 1117 1.414 1111 (*¥1,434 no spike
1,396 112/ 1.416 1124 1.436 4738
1,398 1117 1.418 1177 1.438 1877
1,400 1117 1,420 1093 1,440 no spike

* Shockwave arrival 1,431 (measurement by Project 1,2)
%% Shockwave arrival 1,4343 (measurement by Project 1.4)
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TABLE D.17

Velocity vs Time Tumbler 4 Tower 204 Elevation 10 Ft

Time Vel Time Vel Time Vel
(Secs) (Ft/Sec)|(Secs) (Ft/Sec) (Secs) (Ft/Sec)
1,382 1143 1,402 1137 1.422 2313
1.384 1137 1,404 1170 1,424 no spike
1.386 1156 1,406 1137 1,426 n n
1.388 1124 1,408 1163 1,428 9476
1.390 11632 1,410 1137 1.430 no spike
1.392 1130 | 1,412 1156 | *1.432 0 n
1,394 1156 1,414 1150 [*%¥1,434 » »

1,39 1156 1,416 1381 1.436 3491
1,398 1163 1,418 no spike 1.438 no spiks
1.400 1150 1,420 n n 1,440 0 n
% Shockwave arrival 1,431 gmeasurement by Project 1.2;
%% Shockwave arrival 1.4343 (measurement by Project 1.4
TABLIE D,18
Velocity vs Time Tumbler 4 Tower 206 Elevation 54 Ft
Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)|{(Secs) (Ft/sec)| (Secs) (Ft/Sec)
2,490 1137 2,510 1343 2,530 1130
2,492 1137 2.512 1150 2,532 1137
2,494 1143 2,514 1130 2,534 1130
2,496 1124 2,516 1130 | ,2.536 1130
2,498 1130 2.518 1124 2,538 1130
2.500 1137 2,520 1130 2,540 no spike
2,502 1137 2,522 1150 p#2,542 n o
2.504 1130 2.524 1058 2.544 1326
2,506 1137 2,526 1156 2.546 no spike
2,508 1130 2,528 1191 2,548 1267
% Shockwave arrival 2,537 (measurement by Project 1.2§
## Shockwave arrival 2,5421 (measurement by Project 1.4
134
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TABLE D.19
Velocity vs Time Tumbler 4 Tower 206 Elevation 10 Ft

Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)| (Secs) (Ft/Sec)| (Secs) (Ft/Sec)
2,488 1156 | 2,508 1156 | 2.528 no spike

2.490 1156 2,510 1143 2,530 1191
2.492 1156 2,512 1150 2,532 no spike

2.494 1156 2,514 1150 2.534 1353
2,496 1150 | 2,516 1143 | 42.536 no spike

2,498 1143 2.518 1156 2,538 n n
2,500 1156 2.520 1156 2,540 n 0
2,502 113 | 2.522 2004 jy2.542 1137
2,504 1150 | 2,524 no spike 2,544 no spike
2,506 1150 2,526 1069 2,546 1170
* Shockwave arrival 2,537 (measurement by Project 1,2)

*% Shockwave arrival 2,5432 (measurement by Project 1.4)

TABLE D,20

Velocity vs Time Tumbler 4 Tower 206 Elevation 1} Ft

L Sl ¢ L W o AT g e o

TS

135

Time Vel Time Vel Time Vel
(Sees) (Ft/Sec)|(Secs) (Ft/Sec)| (Secs) (Ft/Sec)
2,488 1275 2,508 1275 2,528 no spike
2,490 1251 2,510 1267 2,530 v n
2.492 1267 2,512 1275 2,632 n m
. 2,49 1267 | 2.514 1259 | 2,534 " n
. 2,496 1275 | 2,516 1267 | ,2.536 "
k 2,498 1275 | 2,518 1259 | 2.538 1421
; 2,500 1259 | 2.520 1275 | 2,540 1496
g 2,502 1256 | 2,522 2518 [*%2,542 no spike
2 2,504 1267 | 2.524 no spike 2544 1283
3 2,506 1251 | 2,526 n n 2,546 1267
% Shockwave arrival 2,537 Emeasurement by Project 1.2)
. #% Shockwave arrival 2,542, (measurement by Project 1.4)
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TABLE D,21
Velocity vs Time Tumbler 4 Tover 208 Elevation 54 Ft

Time Vel Time Vel Time Vel
(5ecs) (Ft/Sec)| (Secs) (Ft/Sec) (Secs) (Ft/Sec)
3,680 1150 | 3.700 1163 | 3.720 1150 .
3,682 1150 3,702 1150 3,722 1150 , .
3.684 1150 | 3.704 1156 | 3.724 no spike I
3,686 1150 3,706 1163 3.726 2763 RS
3,688 1163 3.708 1156 | %3,728 no spike SO
3.692 1163 | 3.712 1156 |,,3.732 no spike L
3.694 1156 3.7 1177 3,73, n " )
3,696 1156 | 3.716 1137 3,73 n n
3,698 1156 3.718 1150 3,738 n n
* Shockwave arrival 3,728 (measurement by Project 1,2)
%* Shockwave arrival 3,7332 (measurement by Project 1.4) )
)
TABLE D,22
Velocity vs Time Tumbler 4 Tower 208 Elevation 10 Ft
>
Time Vel Time Vel Tine Vel -
(Secs) (Ft/sec)| (Secs) (Ft/Sec) (Secs) (Ft/Sec) 5
3,680 1137 | 3.700 1130 | 3.720 no spike
3.682 1117 3,702 1124 3.722 4234 )
3.684 112 | 3,704 1130 | 3.724 no spike 2.
3.686 1124 | 3.706 1317 | 3,726 n n :
3,688 1124 | 3.708 1124 | %*3,728 n ¢
3.690 1130 3.710 1124 3,730 n n "
3,692 1130 3.712 1124 3.732 1213 :
3.694 1130 | 3.74 1496 1, 3.734 1275 ;-
3,69 2124 3.716 1093 3.736 1236 3
3,698 1130 | 3.718 no spikﬂ 3.738 1l -
* Shockwave arrival 3,728 (measurement by Project 1.23 :}
*% Shockwave arrival 3,735C (measurement by Project 1.4 :
!-
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TABLE D,23 e
Velocity ve Time Tumbler 4 Tower 208 Elevation 14 Ft g
Time Vel Time Vel Time Vel S
Secs) (Ft/sec)| (Secs) (Ft/Sec) (Secs) (Ft/Sec) o
3,680 1150 | 3,700 1137 | 3.720 5378 S
3.682 1130 | 3.702 1137 | 3.722 no spike TR
3,684 1130 3.704 1143 3,72, » ¢ Lo
3,686 137 3.706 1137 3,726 v v
3.688 1130 | 3.708 1137 |,3.728 " e
3.690 1143 | 3,710 1143 | "3,730 1592 i
3.692 1130 3,712 1530 3.732 1391 - ®
3.694 1150 | 3.714 no spike pex3 734 1317
3,696 1137 3.716 6862 3.736 1363
3.698 1143 3.718 no spike 3.738 1259
* Shockwave arrival 3,729 émeaaurement by Project 1.2;
*% Shockwave arrival 3,7346 (measurement by Project 1.4 "o

e e i dhe Lo e mE X o

137




) -“- .
‘” ®
e rearall
.
X |

. NS
L/ ]
BIBLIOGRAPHY NN

1. Bergmen, L., Der Ultraschall, Bell: London, 1938 ®..

2. Broids, T.R., Broido, A., Willoughby, A.B., Air Temperatures jn
the Vicinity of g Nuclesr Detonstion, Armed Forces Special Weapons

Project, Operation Tumbler, Project 8.2, WI-542. Secret, SI, RD.

3. Brunt, D., Phys d Meteorology, Cambridge: ® -
London, 1944. S
S
4. Doll, E.B., Air Pressure vs Time and Distance, Armed Forces Specisl SRSy
Veapons Project, Operation Tumbler, Project 1.2, WI-512. Secret, RN
SI’ RDO - A“ :
o
5. Marciano, J.J., Temperatures in the Vielnity of ap Atvomic Explogion,

USNEL Internsl Memorandum Number &, Secret, SI, March 1952.

6. Schilling, H.K., Drumheller, C.E., Nyborg, W.L., Thorpe, H.A.,
On_Micrometeorology, American Journal of Physics, V. 14, 6,

November-December 1946, pp 343-353. I
7. Vigoureux, P.,, Ultrasonics, Wiley: New York, 1951.
8. The Effects of Atomic Weapons, Los Alamos Scientific Laboratory,
September 1950. -
L4
»

e T,
P L
RIS

138
o °-
»
o ° ® ° ° ® ® 0 e e o e o ° ° ® °

..........
-------------
..............

. .t - * . Te P ey mra e masmrm Ay c it et g A = w v om = e e e e ekt e -
e T N R S R N SN N L e et i - BRI « 5 - A




L |
“

T
DISTRIBUTION
Copy No.
ARMY ACTIVITIES N
L.
Asst. Chief of Staff, G-2, D/A, Washington 25, D. C. 1
Asst. Chief of Staff, G-3, D/A, Washington 25, D. C.
ATTN: DACofS, G-3, (RR&SW) 2
Asst. Chief of Staff, G-4, D/A, Washington 25, D. C. 3
Chief of Ordnance, D/A, Washington 25, D. C. C
ATTN: ORDTX-AR L )
Chief Signal Officer, D/A , P& Div., Washington 25, I, C. .
ATTR: SIGOP 5- 7
The Surgeon General, D/A, Washington 25, D. C. ATTN: -
Chairmen, Medical R&D Board 8- 10 K
Caief Chemical Officer, D/A, Washington 25, D. C. 11- 12 .
Chief of Engineers, D/A, Military Construction Division, )
Protective Canstruction Branch, Washington 25, D. C. 13 :
ATTN: ERGEB L
Chief of Engineers, D/A, Civil Works Division, Washington, N
25, D. C. ATTN: Engineering Division, Structural Branch 14
The Quartermaster General, CBR, Liaison Office, Research T B
. and Development Diwision, Washington 25, D. C. 15- 16 v
Chief of Transportation, D/A, Washington 25, D. C. ATTN: B
- Militery Planning and Intelligence 17
- Chief, Army Field Forces, Ft. Monroe, Va. 18- 21
A Army Field Forces Board #1, Ft. Pragg, N. C. 22
- Army Field Forces Board #2, Tt. Knox, Ky. 23 :
EE Army Field Forces Board #4, Ft. Bliss, Tex. 2k i
s Commanding Gemeral, First Army, Governor's Island, New SRR
& York 4, N. Y. ATTN: 20cfS, G-k 25- 26 o
- Commanding Generel, Second Army, Ft. Gaorge G. Meade, Md. v
- ATTN: AIAME 27 D
b~ Commanding General, Second Army, Ft. George G. Meade, Md. -
;—‘ ATTR: ATACM 28 ]
= Commanding General, Third Army, ¥t. McPherson, Ga. )
- ATTN: ACofS, G-3 29- 30 L
- Commanding General, Fourth Army, Ft. Sem Houston, Tex.
F; i ATIN: G-3 Section 31- 32
N Commanding General,Fifth Army, 1660 B, Hyde Park Blvd., .
- Chicago 15, I1l. ATTN: ALFEN 33 '
-* Commanding General, Fifth Army, 1660 E. Hyde Park Blvd., T
N Chicago 15, T11. ATIN: ALF(R 34
- - Commanding General, Fifth Army, 1660 B. Byde Park Blvd.,
R, Cuicago 15, I1l. ATTN: ALFMD-O 35- 38
. Coumanding General, Fifth Army, 1660 K, Hyde Park Blvd.,
Chicego 15, I1l. ATTN: ALFEQ 39 ,
‘.‘ Commanding General, Sixth Army, Presidio of San Francisco, -
I Calif. ATTN: AMGCT-h ko
-, Commander-in-Chief, Buropean Command, APO 403, c/o PM,
- Rew York, N. Y. 41
b 139
o \
: SER
]
%o ° . ) ® ® o o ° °__ o ® s
> N I . e e e e
E: U - o T e, :-. SRR ~.~- ~.' ....... AN




-}

R AR

DISTRIBUTION (Continued) Copy No.
Commander-in-Chief, U. S. Army Europe, APO 403, c/o EM,
New York, N. Y. ATTN: OPOT Division Combat Dev.
Branch yo- 43
Commender-in-Chief, Far East Command, APO 500, c/o PM,
San Francisco, Calif. ATTN: ACofS, G-3 4- 48
Commanding General, U. S. Army Alaska, APO 942, c/o PM,
Seattle, Wash. kg
Commanding General, U. S. Army Caribbean, APO 83k, c/o
PM, New Orleens, La., ATIN: CG, USARCARIB 50
Commanding General, U. S. Army Carbbbean, APO 83k4, c/o
PM, New Orleans, La. ATTN: CG, USARFANT 51
Commending General, U. S. Army Caribbean, APO 83k, c/c
PM, New Orleans, La. ATIN: Cml Off, USARCARIB 52
Commanding General, U. S. Army Carivvean, APO 83k, c/c
PM, Yew Orleans, La. ATIN: Surgeon, USARCARIB 53
Commanding General, U. S. Army Pacific, APO 958, c/o PM,
San Francisco, Calif. ATIN: Cml Off 54- 55
Commanding General, Trieste U. 8. Troops, APO 209, c/o
PM, New York, N. Y. ATTN: ACofS, G-3 56
Commandant, Command and General Staff College, Ft. Leaven-
worth, Kan. ATIN: ALLIS(AS) 57- 58
Commendant, The Infantry School, Ft. Benning, Ga.
ATTN: C.D.S. 59~ €0
Commandant, The Artillery School, Ft. 8ill, Okla. 61
Commandant, The AA&GM Branch, The Artillery £chool, Ft.
Bliss, Tex. 62
Commandant, The Armored School, Ft. Enox, Ky. ATIN:
Classified Document Section, Evaluation and Research
Division 63- 64
Commanding General, Medical Field Service School, Brooke
Army Medical Center, Ft. Sam Houston, Tex. 65
Commandant, Army Medical Service Graduate School, Walter
Reed Army Medical Center, Washington 25, D. C.
ATTN: Dept. of Biophysics 66
The Superintendent, U. 8. Military Academy, West Point,
N. Y. ATTN: Professor of Ordnance 67- 68
Commanding General, The Transportation Center and Ft.
Bustis, Ft. Bustis, Va. ATTN: Asst. Commsndant, Mili-
tary Science and Tactics 69
Commandant, Chemical Corps School, Chemical Corps Train-
ing Center, Ft. McCleilan, Ala. 10
Commanding General, Research and Engineering Command,
3 Army Chemicel Center, Md, ATIN: Special Projects
¢ Officer TL
3 RD Control Officer, Aberaeen Proving Ground, Md.
ATTN: Director, Ballistic Research Laboratories T2- 73
= Comeanding General, The Engineer Center, Ft. Belvoir, Va.
- ATTN: Asst. Commandant, The Enginaer School Th- 76
b 140
&. o astiraes gyt &gt
8
-
s
| ® ° ® o o _ o o o [ [ e o ° ° ° ®
3 . _— 2 = ; = i
SR T 2 :
.;. R X S IR ST I s

’.!- o, PR

B N BRI
Coe A
: v, .

[ R




. g e o Lo
o "l.r ST 2 A
) d
.

i
. ox
PRI

TR, ST, X kY
r s
. ' PR

TN LT, R Y
® 2

N aa e

13 »

T
T .
ot

S
.
@
, .

P o A
f{l‘l,:’“jj
\ . N

S—

DISTRIJUTION (Continued) Copy No.
Chief of Research and Development, D/A, Washington 25,

D. C. 7
Commanding Officer, Engineer Research and Development

Laboratory, Ft. Belvoir, Va. ATIN: Chief, Technical

Intelligence Branch 78
Commending Officer, Picatinny Arsenal. Dover, N. J.

ATTN: ORDBB-TK 79
Commaending Officer, Frankford Arsenal, Philadelphia, Pa.

ATTR: RD Control Officer 80
Commanding Officer, Army Medical Research Laboratory,

Ft. Knox, Ky. 81

Commanding Officer, Chemicel Corps Chemical and Radio-
logical Laboratory, Army Chemical Center, M4.

ATTN: Technical Library 82- 83
Commanding Officer, Transportation R&D Station, Ft. Bustis, 5

Va. 4
Commanding Officer, Psychological Warfare Center, Ft.

Bragg, N. C. 85

Asst. Chief, Military Plans Division, fm 516, Bldg 7, Army
Map Service, 6500 Brooks Lane, Washington 25, D. C.

ATTN: Operations Plans Branch 86
Director, Technicel Documents Center, Evaus 3ignsal Lab.,

Belmar, N. J. 87
Director, Waterways Experiment Station, PO Box 631,

Vicksburg, Miss. ATTN: Library 88

Director, Operations Research Office, Johns Hopkins Uni-
versity, 6410 Connecticut Ave., Chevy Chase, Md.
ATTN: Library 89
NAVY ACTIVITIES

Chief of Naval Operationa, D/N, Washington 25, D. C.

ATTN: OP-36 90- 91
Chief of Naval Operations, D/N, Washington 25, D. C.

ATTN: OP-51 92
Chief of Naval Operations, D/N, Washington 25, D. C.

ATTN: OP-53 93
Chief of Naval Operations, D/N, Washington 25, D. C.

ATTR: OP-374 (OEG) ok
Chief, Bureau of Medicine and Surgery, D/N, Washington 25,

D. C. ATIN: Special Weapons Defense Division 95- 9%
Chief, Bureau of Ordnance, D/N, Washington 25, D. C. 97
Chief, Bureau of Ships, D/N, Washington 25, D. C.

ATTN: Code 348 98- 99
Chief, Bureau of Supplies and Accounts, D/N, Washington

25, D. C. 100

VAN
b
W :

b #




DISTRIBUTION (Continued)

Chie?, Bureeu of Personnel, D/N, Weshington 25, D. C.
ATTN: Pers C

Chie?, Bureeu of ferds end Docks, D/fl, Washington 25, D. C.
ATTH: P-312

Chief, Buresu of Aeronasutics, D/N, Washington 25, D. C.

02?ice of Raval Reseerch, Code 219, Rm 1807, Bldg. T-3,
Waghington 25, D. C. ATTN: RD Control Officer

Commander-in-Chief, U. S. Atlantic Fleet, Fleet Post
Office, New York, H. Y.

Commender-in-Chief, U. S. Pacific Fleot, Fleet Post
Office, San Francisco, Cslif.

Commendaent, U. S. Merine Corps, Headquarteras, USKC,
Washington 25, D. C. ATIN: (Code AO3H)

President, U. S. Naval War College, Rewport, Rhode Island

Superintendent, USN Postgraduate School, Monterey, Calif.

Commanding Officer, USK Schools Command, Naval Station,
Treasure Islend, San Francisco, Calif.

Director, USMC Development Center, USMC Schools, Quantico,
Va. ATTH: MC Tactics Board

Director, USMC Development Center, USMC Schools, Quantico,
Va. ATIN: MC Equipment Board

Commanding Officer, Fleet Training Center, Naval Base,
Norfolk 11, Va. ATTN: Special Weapons School

Commending Officer, Fleet Training Center (SPWP School),
Naval Stetion, San Diego 36, Calif.

Commanding Officer, Air Development Squadron 5, USN Air
Station, Moffett Field, Calif.

Commander, Operational Development Force, U. 8. Fleet,
Naval Base, Norfolk 11, Va, ATTN: Tact Dev Gp

Commander, Operational Development Porce, U. S. Fleet,
Navael Bass, Norfolk 11, Va, ATIN: Air Dept.

Commander, Air Force, U, S. Pacific Fleet, Naval Air
Station, San Diego, Calif.

Commender, Training Command, U. S. Pacific Fleet, c/o
Fleet Sonar School, San Diego 47, Calif.

Commanding Officer, Naval Damage Control Training Center,
U. 8. Raval Base, Philadelphia 12, Pa.
ATTR: ABC Defense Course

Commanding Officer, Naval Unit, Chemical Corps School, Ft.
McClellan, Ala.

Joint Landing Force Board, Marine Bexracks, Camp Lejeune,
N. C.

Commander, USKN Ordnance Laboratory, Silver Spring 19, Md.
ATTN: EE

Commander, USK Ordnance Laboratory, Silver Spring 1y, Md.
ATTN: Alias

: poa
[

€

Ty
M

)

LA i e

T AP

H

t

LR IS R i I i

U2

I BN P of . Gt
e v ey @

‘e

MO dall
.

k)

A

..................

\

Lo : : A .o -
by e L T el A e
. - - - 0. L e, - . N

p

‘ P
»
- . . PO . - > . . “ - e . Se N e N -~ -
Aee v el e A e W mre e e W e e P Te Ty o e S e T Te s T e e T e

Copy No.

101

102
103-10k

105
105-107
108-109

110-113
11k
115-116
117-118
119
120
121-122
123-124
125
126
127
128

129

130
131
132
133
13k

--------

"]

-

-\ L R R I
oo <,
I

A

po— .

.........

N "
_________




DISTRIBUTION (Continued) Copy No.
Camsander, USN Ordnance Lsboratory, Silver Spring 19, Md.
ATTN: Aliex 135
Commander, USK Ordnance Test Station, Inyokern, China ILaks,
Calif. 136
Officer-in-Charge, USK Civil Engineering Research & Evalua-
tion Labarastory, Construction Batallion Center, Port
Hueneme, Calif. ATTN: Code 753 137-138
Commanding Officer, USKN Medical Research [nstitute,
National Medical Center, Bethesda 1k, Md. 139
Director, USK Research Laboratory, Washington 25, D. C. 140
Director, The Materiel Laboratory, K. Y. Naval Shipyard,
New York, N. Y. 141
Comanding Officer and Director, USN Electronics Laboratory,
San Diego 52, Calif. ATTN: Code 210 142
Commsnding Officer, USN Radiological Defense Laboratory,
San Francisco, Calif. ATTN: Technical Information
Division 143-146
Coammanding Officer and Director, David W. Taylor Model
Basin, Washington 7, D. C. ATIN: Library 147
2 Commander, Naval Air Development Center, Jchnsville, Pa. 148
Commanding Officer, Office of Naval Research Branch Ofr’ice,
1000 Geary St., San Francisco, Calif. 149-150
Clothing Supply Office, USN Supply Activities, New York,
3d Ave, & 29th St., Brooklyn 32, N. Y. ATTN: R&D Div. 151
- ATIR FORCE ACTIVITIES
L Surplus in TISOR 152
Asst. tor Atomic Energy, Headquarters, USAF, Washington 25,
I D. C. ATTN: DCS/0 153
F.J Asst. for Development Planning, Headquarters, USAF, Wash-
- ington 25, D. 2. 154-155
- Director of Operations, Headquarters, USAF, Washington 25,
1 D. C. 156-157
3 Director of Plans, Headquarters, USAF, Washington 253, -
> D. C. ATTN: War Plans Divieion 158 - |
X2 Directorate of Requirements, Headquarters, USAF, Wash- .
- - ington 25, D. C. ATTN: AFDRQ-SA/M 159
Ef_ Directorate of Research and Development, Armament Division, T
= DCS/D, Headquerters, USAF, Washington 25, D. C. 160 ~
, Directorate of Intelligence, Headquarters, USAF, Washington
g 25, D. C. 161-162
¢ The Surgeon General, Headquarters, USAF, Washington 25, -
- D. C. 163-164 ;
.
"o
P
L ® ] ¢
- -
L‘-‘ -‘:,". _"'. I N




. .
LT . IO AL S T

ml 2=
DISTRIBUTION (Continued) Copy No. e
Commanding General, U. S. Air Forces in Europe, AP0 633, - A
c/o PM, New York, N. Y. 165 o
Comranding General, Far East Air Forces, APO 925, c/o PM, R
San Francisco, Calif. 166 R
Commanding General, Alaskan Air Command, APO 942, c/o PM, g
Seattle, Wash. ATTN: AAOTN 167-168
Commanding General, Northeast Air Command, APO 862, c/o PM, .
New York, N. Y. 169 °
Commmanding General, Strategic Air Command, Offutt AFB, G
Omaha, Neb., ATTN: Chief, Operations Analysis 170 e
Commanding General, Tactical Air Commend, Langley AFB. Va. "
ATTN: Document Security Branch 171-173 N
Commending General, Air Defense Command, Ent AFB, Colo. 174175 o
Commanding General, Alr Materiel Command, Wright-Patterson ;
AFB, Deyton, Ohio 176-178 e
Commanding General, Air Training Command, Scott AFB,
Belleville, Ill. 179-180
Commanding General, Air Resgearch and Development Command, .
PO Box 1395, Baltimore 3, Md. ATTN: RDDN 181-183 ;
Commanding General, Air Proving Ground, Eglin . ;
AFB, Fla. ATTN: AG/TRB 184 -
Commanding General, Air University, Maexwell AFB, Ala. 185-189 T
Commandant, Air Command and Staff School, Maxwell AFB, Ala. 190-191
Commendant, Air Force School of Aviation Medicine,
Randolph AFB, Tex. 192-193
Commending General, Wright Alr Development Center, Wright-
Patterson AFB, Dayton, Ohio. ATTN: WCOESP 194-199 ’
Commanding General, AF Cambridge Research Center, 230
Albany St., Cambridge 39, Mass. ATTIN: Atomic Warfare
Directorate 200
Commanding General, AF Cambridge Research Center, 230 O
Albany St., Cambridge 39, Mass. ATTN: CRTSL 201 T
Commanding General, AF Special Weapons Center, Kirtland AFB, !;:
N. Mex. ATTN: Chief, Technical Library Branch 202-204 AR
Commandant, USAF Institute of Technology, Wright-Patterson
AFB, Dayton, Ohio. ATIN: Resident College 205
Commanding General, Lowry AFB, Denver, Colo. ATIN: Dept. .
of Armament Training 206-207 -
Commanding General, 1009th Special Weapons 8q., Tempo "T", [“6
14th & Constitution Sts,, W Washington 25 D, C, 208-210 '
The RAND Corporation, 1700 Main St., Santa Monica, 211-212

Calif, ATTN: MNuclear Energy Division

OTHER DEFENSE DEPT., ACTIVITIES

j- ..
i

«
i P

Bxecutive Secretary, JCS, Washington 25, D. C.
213

Ul

"

.................




okl moaa s B et

T Y TR

(b

L o Galinioslg

DISTRIBUTION (Continued) Copy No.
Director, Weapons Systems Evaluation Group, 0SD, Rm 2E10006,

Pentagon, Washington 25, D. C. 21k
Asst. for Civil Defense, 0SD, Washington 25, D. C. 215
Chairman, Armed Services Explosives Safety Board, D/D,

Rm 2403, Barton Hall, Washington 25, D. C. 216
Chairman, Research and Development Board, D/D, Washington

25, D. C. ATIN: Technical Library 217

Bxecutive Secretary, Committee on Atomic Energy, Research and
Development Board, Rm 3E1075, Pentagon, Washington 25,

D. C. 218-219
Executive Secretary, Military Liaison Committee, FO Box 181k,

Washington 25, D, C. 220
Commandant, Armed Forces Staff College, Norfolk 11, Va.

ATTN: Secretary 221
Commanding General, Fisld Command, AFSWP, PO Box 5100,

Albugquerque. N. Mex. 222227
Chief, AFSWP, PO Box 2610, Washington 13, D. C. 228-236

ATOMIC ENBRGY COMMISSION ACTIVITIES

University of California Radiation laboratory, PO Box 808,
Iivermore, Calif, ATTN: Margaret Folden 237
U, S, Atomic Energy Commission, Classified Document
Room, 1901 Constitution Ave,, Washington 25, D, C,

ATTN: Mrs, J, M, O'Leary (for DMA) 238-240
Los Alamos Scientific Laboratory, Report Library, PO

Box 1663, Los Alamos, N. Mex. ATTN: Helen Redman 241-243
Sandia Corporation, Classified Document Division, Sandia

Base, Albuquerque, N. Mex. ATTN: Wynne K. Cox 244-263
Weapon Test Reports Group, TIS 264,
Surplus in TISOR for AFSWP 265-289

ADDITIONAL DISTRIBUTICN

Director of Special Weapons Develomments, OCAFF, Fort
Bliss, Texas, ATTN: Major Hale Mason, Jr, 290

ok (R, q_.n,l_ .,:, ’,,l’; H \E

AEC, Ook Ridge, Tenn., A33287 R N

s ] »
g .
o, [
.




